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FIRST BOOK OF NATURAL PHILOSOPHY. 



CHAP. I. 

THE PROPERTIES OF BODIES. 



1. Natural Philosophy is a comprehensive term, includ- 
ing all those branches of physical science which treat of 
matter, its properties, and its motions. Matter is the general 
designation of all substances possessing weight, as distinguish- 
ed from light, heat, and electricity, which, being destitute of 
appreciable weight, are commonly termed ^^imponderable 
agents." It is possible to conceive that a portion of matter, as 
a grain of sand, may be divided into a miUion parts, and 
each of these into a million more, and so on ad infinitum. 
It may, however, be true that a grain of sand cannot be 
divided into more than a certain number of parts, each of 
which possesses such cohesive power as to resist further 
division. These ultimate particles are called atoms or mole-' 
cules^ and it is by aggregation of these particles into a definite 
size and shape, that a body is constituted. 

2. Extension. — Extension is the property which bodies 

{)ossess of occupying space, and relates to the qualities of 
ength, breadth, and thickness, without which no substance 
can exist. Extension has no respebt to the size or shape of 
a body. A block of wood, of the dimensions of a square 
loot, may be divided into numerous smaller blocks, exactly 
resembling the large one in shape; these may again be 
divided, until each block be reduced to the hundredth part of 
an inch in diameter; and each of these may be further sub- 
divided, until they defy our power of measuring them ; yet 
it is obvious that each Uttle block will possess length, breadth, 

1. What 18 the subject of Natural Philosophy ? What is meant by 
matter? What is an atom or molecule ? How is a body constituted ? 
— 2. What is extension, and to what qualities of matter does it relate ? 
Show that it has no relation to size or shape. What is the common 
designation of thii property ? 
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and thickness; in other words, each will posses^ the pro- 
perty of extension as really as the original block, the only 
difference being that of dimension. It is, in fact, impossible 
to form a conception of matter, however minute the particle, 
without connecting with it the idea of its having a certain 
bulk, or filling a certain extent of space. This property of 
bodies is termed, in common language, size or volume. 

3. Figurei — ^Figure or form is the result of extension, for 
we cannot conceive that a body has length, breadth, and 
thickness, without its having some kind of figure, however 
irregular. Some solid bodies are found naturally under 
determinate forms, from which they never vary : a crystal of 
quartz has six sides, a garnet twelve sides. Other solids are 
60 irregular, that they cannot be compared with any mathe- 
matical figure, as a firagment of a rock, or a chip of wood. 
Fluid bodies have no determinate form, but take their shapes 
from the vessels in which they are contained* The volume 
of a body has no relation to its figure : bodies which have 
the same figures may possess very different volumes; and 
bodies may have the same volume, under very different 
figures; thus^ two masses of matter may present the same 
volume, although the one be round and the other square. 

4. 7mpenefra6t7i7y.— ^Impenetrability is the property by 
which one body occupies a certain space, to the exclusion of 
every other body from that space; or, in other words, by 
which two bodies cannot occupy the same space at the same 
time. 1. A nail) driven into a board or piece of lead, does 
not penetrate the wood or the metal ; it merely separates and 
displaces the particles of these substances. 2. If a vessel be 
filled with water, and a stone, or any other substance heavier 
than water, be dropped into it, a quantity of the water, pre- 
cisely equal to the bulk of the heavy body, will be displaced 
and flow over, affording a decisive proof that a body cannot 
enter the space occupied by another body, without previously 
ejecting the latter. 3. Lastly, if a vessel be inverted in water 
or any other liquid, the impenetrability of the air prevents 
the ascent of the liquid within the vessel. This property of 

3. What connection exists between extension and figure ? What kind 

of bodies exhibit regularity of figure ? Show tliat the volume of a body 

l}as no necessary relation to its figure.— 4. What is meaut by impeuetra- 

iflJitjrP What effect is really produced, on driving a nail into a piece of 

^oodP State some other cases in proof of the iinYeiaelxa.V\V\\,^ oi iaa.W»\:« 

-ftrofK js this property turned to account in the use oi t,\xe d\N\ix%-\«\\^ 
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matter has been usefully and ingeniously applied in the con- 
struction and uses of the diving-bell. 

5. Divisibility. — Divisibility is the property by which a 
body may be divided into minute parts, llie division of 
matter, by mechanical means, is subject to limitation, but the 
extent to which it may be practically carried, almost exceeds 
credibility. 1. One grain of colouring matter will impart a 
tint to five pounds of pure water ; and, as it is possible to 
i*ender visible so small a quantity of water a» a thousandth 
part of a grain, this minute portion of the mixture must con- 
tain a thirty-five millionth part of the grain of colouring matter. 
2. A single grain of musk will diffuse a powerful odour 
through a spacious room, without losing any appreciable 
portion of its weight; the odour depends on the mcessant 
radiation of particles of the musk, and the process will con- 
tinue in activity for several years. 3. A grain of gold may 
be hammered so thin as to cover fifty square indies of sur- 
face, and present two millions of visible points; and the gold 
which covers the silver wire, employed m making gold lace, 
is spread over a surface twelve times as great. Wollaston 
made a gold wire of such extreme tenuity, that an ounce of 
it would extend fifty miles. 4.. The film of soap and water, 
which constitutes the thinnest part of the soap-bubble, does not 
exceed in thickness the 2,500,000th part of an inch. 5. Last- 
ly, the researches of Biot have shewn, that the thread by 
which the spider suspends herself from the web, is composed 
of more than 6000 single threads. 

6. Inertia. — ^Inertia is the property by which matter is in- 
capable of putting itself in motion, or of arresting its own 
progress, wnen put in motion by some force. A ball rolled 
on uie ground soon ceases to move, owing to the impediments 
it meets with fi'om the roughness of the surface ; if roUed on 
ice with the same force, its motion continues for a much 
longer period, the impediments being fewer; if projected into 

5. What is divisibility ? Illustrate this property by examples taken 
from unorganized, and from organized matter. — 6. W hat is meant by 
inertia? \Vhy -will a ball roll farther on ice than on the ground? 
AVhy, with the same force of projection, vrill the ball move further in 
air than on ice ? What would result from projecting the hall vcA.^ ^2«fc, 
space ? "What are the causes -which TC?\%t ^\ift ^r^N^a^-wx^Kx^v^ ^^^^2^'*^*, 
M'hr if a DMsenger standing \n a carna^^ Wtohtb. "^^^^^^^^j^J^^y 
camag9 is laddenlv put in motvon? WV^ NaV^^^x^^^^^^^^"^ 
the ouriMgB is todidsnly stopped? 
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the air« its motion is arrested by gravity ; but if projected 
into free space, where no impediments occur from air, fric- 
tion, or gravity, it would exhibit the phenomenon of perpet- 
ual nootion. Familiar instances of inertia are found in the 
employment of locomotion, A considerable force is required 
at nrst to set a carriage in motion ; but when this has been 
effected, it moves onward with comparative ease, so that, in 
fact, a considerable force becomes necessary to arrest its pro- 
gress. If a passenger be standing in a carriage when sud- 
uenlv put in motion, his feet, obeying the impulsion of the 
carnage, are drawn forward; his body, obeying the law of 
inertia, remains in its former position ; he, consequently, falls • 
backward. On the other hand, if the passenger be standing 
when the carriage is suddenly stopped, the opposite result 
will take place : nis' body has acquu:ed an onward motion, 
imparted to it by that of the carriage, and the sudden stop- 
page of the latter throws hiai forward, 

7. Indestructibility. — Indestructibility is the property by 
which matter never ceases to exist. It may change its form, 
and disappear, but it is not annihilated. 1. Mercury, water, 
and other substances, may be converted into vapour, or dis- 
tilled in close vessels, but they may be again condensed by 
the application of a cold body, and restored to their former 
condition, without the loss of a single particle. 2. Animals 
and vegetables die, and are decomposed, but their elementary- 
particles immediately enter into new combinations, and fumisn 
materials of nutriment for other animals and vegetables. 3. 
In the following case of what is called, in the language of 
chemists, destructive distillation, it is evident that nothing is 
destroyed. When a piece of wood is heated in a close vessel, 
as a retort, we obtain water, an acid, several kinds of gas, • * 
and a black, porous substance, called charcoal. The wood 
is thus decomposed, and its particles take a new arrangement, 
and assume new forms ; but that nothing is lost, is proved by 
the fact, that, if the water, add, gases, and charcoal, be col- 
lected and weighed, they will be found exactly as heavy as 
the wood was before distillation. 

7. What 18 meant by indestructibility ? How may a liquid, which 

has been reduced to vapour, be restored to its former condition ? When 

Animal or v^etable bodies nndeigo decay, what becomes of their con- 

stituent particles? Is there any ground for WievVng ^AvbA. xaaXXAt \«^ 

under any ehvamstapceB^ annihilated ? Describe t\ie ptocwu ol "^\kaX S% 

called deatraetive distillAtion^ and show that nothing \i tJfctet^^ destato^*^ 
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8. Attraction, — ^Attraction is the property by which bodies 
tend towards each other. This property manifests itself in 
various ways, and has received specific designations accord- 
ing to the circumstances under which it acts. The following 
are the several kinds of attraction : — 

9. Attraction of cohesion. — 'Eisecy particle of matter has a 
tendency to approach and unite itself to o\\i&£ particles. This 
kind of attraction operates at insensible distances, and con- 
sists in maintaining the constituent parts of a body in cohesion 
with each other, and in resisting their separation. The at- 
traction of cohesion, as it occurs in solid bodies, may be 
exemplified by the difficulty experienced in separating two 
substances with smooth surfaces, which have been pressed 
closely together. If two pieces of clean plate glass, or two 
disks of lead or brass, be brought into close union by a screw- 
like pressure, a considerable force will be required to sepa- 
rate them firom each other ; the effect will be much increased 
by interposing a little oil between the surfaces, in order to 
fill up any superficial inequalities. 

10. ^^When the particles oi fluid substances are left to 
arrange themselves according to the laws of attraction, the 
bodies which they compose assume the form of a ghbe or 
ball. Drops of water thrown on an oiled surface or on wax, 
globules of^ mercury, hailstones, a drop of water adhering to 
the end of the finger, tears ininning down the cheeks, and 
dew drops on the leaves of plants, are all examples of this 
law of attraction. The manufacture of shot is also a striking 
illustration of this law: the lead is melted and poured into a 
sieve, at the height of about two hundred feet fi:om the 
ground; the stream of lead, immediately after leaving the 
sieve, separates into round globules, which, before they reach 
the ground, are cooled and become solid, and thus are formed 
the shot used by sportsmen. 

11. ^^ To account for the globular form in all these cases, 
we have only to consider that the particles of matter are mu- 
tually attracted towards a common centre, and in liquids, 
being firee to move, they arrange themselves accordmgly. 

8. )Vhat is meant by attraction?— 9. How does the attraction of cohesion 
operate? Give instances of cohesive attraction in solid bodies. — 1 0. What 
forms do fluids take yrhen their narticle«%x«\»i\.\A>^«a ^'<«\^'«xc«sc^a^«c&^ 
Oire examples of thii law.— U. Bo>w \a ^•a tfL«^w:^3ftx\QtvB.'^t^^'^'aS?^^^ 
msmme aecoonted for ? If the paxVidfA ol «rt>^i w^Vw*.^ ^^ '^C 
Are eqoaiiy attracted towards the cettoe, ^\»^» m>MX\» xx^'^'ea^ 
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Fig. 1. 



la all figures, except the globe or ball, some of the particles 
must be nearer the centre than others. But in a body that 
is perfectly round, every part of the outside is exactly at the 

same distance from the centre. Thus, 
the comers of a cube, or square, are at 
much greater distances from the centre, 
than the sides, while the circumference 
of a circle or ball is everywhere at the 
same distance from it. This difference 
is shown by Fig. 1, and it is quite obvi- 
ous, that if the particles of matter are 
equally attracted towards the common 
centre, and are free to arrange them- 
selves, no other figure could possibly 
be formed, since then every part of the outside is equally at- 
tracted. The sun, earth, moon, and indeed all the heavenh 
bodies are illustrations of this law." 

12. Attraction of gravitation. — As the attraction of cohe- 
sion is the force by which the particles of a body are united 
into masses, so the attraction of gravitation is the force by 
which these masses tend toward each other; and as the former 

law operates at sensible^ so the latter oper- 
ates at insensible distances. The term gravi- 
tation does not here strictly refer to the 
weight of bodies, but to the attraction of the 
masses of matter towards each other, whether 
downwards, upwards, or horizontally.* The 
attraction of gravitation is mutual, since all 
bodies not only attract other bodies, but are 
themselves attracted. 1. The sun attracts 
the earth at a distance of 95,000,000 miles ; 
the earth attracts the moon at the distance 
of 240,000 miles; the moon reciprocally at- 
I tracts the earth, the moveable parts of which, 

I or the waters, under the influence of this at- 

I traction, exhibit the phenomena of tides. 

1 ^ Upon this principle, Newton founded his 
9 w 1^^ of universal gravitation. 2. Two can- 
non balls, when suspended by long cords, so 
as to hang very near each other, are found 






Fig. 2. 



yy. What is meant />/ attraction of gravitation? Can. ono bod^ at- 
fmci another without being itself attracted? Hew ia it ^to'vedi OaaX 
iwdfea attract each other? 
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to exert a mutual attraction, so that neither of the cords 
is exactly perpendicular, but each approaches the other, as 
represented in the preceding figure. 3. In the same manner, 
the heavenly bodies, when they approach each other, are 
drawn out of the line of their paths, or orbits, by mutual 
attraction. 4. Lastly, the efiect of gravitation, as it exists 
on the surface of our globe, is seen in the tendency which all 
bodies possess of descending in straight lines toward the 
centre of the earth ; and the force which acts in separating a 
body from the surface of the earth, or in preventing it from 
descending to the surface, is called its weight, 

13. "The force of attraction increases in proportion as 
bodies approach each other, and by the same law it di- 
minishes m proportion as they recede from each other. At- 
traction, in technical language, is inversely as Oie squares of 
the distances between the two bodies : that is, in proportion as 
the square of the distance increases, in the same proportion 
attraction decreases. Thus, if at the distance of 2 feet, the 
attraction be equal to 4 pounds, at the distance of 4 feet, it 
will be only 1 pound ; for the square of 2 is 4, and the square 
of 4 is 16, which is 4 times the square of 2. On the contrary, 
if the attraction at the distance of 6 feet be 3 pounds, at the 
distance of 2 feet it will be 9 times as much, or 27 pounds, 
because 36, the square of 6, is equal to 9 times 4, the square 
of 2. The force of the attraction of gravitation, is in pro- 
portion to the quantity of matter the attracting body contains. 
Some bodies of the same bulk contain a much CTcatcr quan- 
tity of matter than others : thus, a piece of lead contains 
about twelve times as much matter as a piece of cork of the 
same dimensions, and therefore a piece of lead of any given 
size, and a piece of cork twelve times as large, will attract 
each other equally. 

14. Capillary attraction. — " Capillary attraction is the force 
by which a liquid rises in small tubes, or porous substances, 
above its level. If a small glass tube be placed in water, the 
water on the inside will be raised above the level of that on 

1 .3. By what law, or rule, does the force of attraction increase ? By 
what rule does it decrease ? Do bodies attract in proportion to bulk, or 
quantity of matter ? What would be the difference of attraction between 
a cubic inch of lead and a cubic inch of cork.? V(Vc^ ^wsN.^Siawt^kN^^'Wi 
much difference?— 14. WUt \a mewat \i^ c».^\^^mc^ ^.NXxvdCx^^-^ "t^IL 
is this kind of attraction mu»tTatedy\X\i «. %\a&* V^^"^ ^^''^ -«!«>» ws 
mon iliuftratioiiB of this pnucipW 
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the outside of the tube. A great variety of porous substances 
are capable of this kind of attraction. If a piece of sponge 
or a lump of sugar be so placed, that its lowest portion touches 
the water, the fluid will rise and difluse itself through the 
whole mass. In the same manner, the wick of a lamp will 
carry up the oil to supply the flame, though the flame is 
several mches above the level of the oil. If the end of a 
towel happen to be left in a basin of water, it will empty the 
basin of its contents. And on the same principle, when a 
dry wedge of wood is driven into the crevice of a rock, and 
afterwards moistened with water, as when the rain falls upon 
it, it will absorb the water, swell, and sometimes split the 
rock. In Germany, millstone quanries are worked in this 
manner." Lastly, it is supposed that this kind of attraction 
is one of the causes of springs of water in the earth. The 
water rises through porous beds of sand, small stones, and 
crevices of rocks, and thus reaches surfaces of great elevation. 
The lower parts of the walls, and the earthen floors of cot- 
tages, are rendered constantly damp by the attraction of 
moisture upwards from the ground; hence the necessity of 
removing all porous matters from the foundations of houses. 

15. Chemical attraction. — ^The forces of attraction, already 
described, are among the physical properties of matter. There 
are, however, other forces in nature, which belong more ex- 
clusively to the science of chemistry, and which, with refer- 
ence to the materials of which our globe is composed, pro- 
duce effects equal in importance and interest to any other. 
1. If water be mixed with water, or salt with salt, the effect 
is merely an increase oi quantity; no change oi quality h pro- 
duced. 2. If a blue and a yellow powder be mixed together, 
a green powder is produced;, but this is merely an effect 
impressed upon the eye by the intimate mixture of the yellow 
and blue light which is separately reflected from the minute 
particles of each; these particles may be separated mechani- 
cally, and the powders restored to their former appearance. 
3. If two coloured liquids, having no chemical attraction for 
each other, be mixed together, a liquid of a different colour 
is produced, and the two ingredients cannot, it is true, be 
mechanically separated; yet, even in this case, the liquid is a 
mere mixture^ and its properties are accordingly intermediate 

/A JSxpJain, geaenUly, the difference between a mecYiaxaca^ xoixtvxx^ 
MOi/M chemical compound. 



PROPERTIES OF BODIES. 9 

between those of the liquids mixed. In these three cases 
there is no change of property y nor is any new property super- 
added; in other words, the substances bemg similar, no 
chemical attraction takes place. 4. But when potash, dis- 
solved in water, is mixed with tartaric acid, also dissolved in 
water, a solid substance, called cream of tartar, is thrown 
down in the vessel ; this substance is neither potash nor tar- 
taric acid, nor can either of these ingredients be again procured 
from it; the liquid also from which it subsided, no longer 
presents the qualities of the ingredients which were mixed in 
It, but those of a new and enturely different substance. The 
potash and tartaric acid have, therefore, united with each 
other, to form a chemical compound, which, when carefully 
collected, is exactly of the same weight as the ingredients 
possessed before their union, but of entu*ely different quadities. 
This compound is formed by chemical attraction. 

16. In addition to the universal properties of matter above 
described, there are several other qualities, which are pecu- 
liar to certain bodies, and in different degrees ; or peculiai' 
to some bodies, without affecting others in the slightest 
degree. These are density and rarity ; hardness and elasti** 
city ; brittleness, malleability) ductility, and tenacity. 

17. Density and rarity. — ^The quahty of density relates to 
the compactness of bodies, or the number of particles which 
a body contains within a given bulk ; in other words, it de- 
notes closeness of texture. Bodies, which are most dense, 
are those which contain the least number of pores. Hence 
the most dense substances in nature are found among the 
metals ; gold, for instance, is upwards of 19 times, and pla- 
tinum nearly 21 times, heavier than an equal bulk of water. 
But density is not an essential character of metals : potassium 
and sodium are so light as to float upon the sur&ce of water. 
Two bodies beinff of the same bulk, that which weighs more 
than the other, is the more dense. Some metab become 
denser on being hammered, their particles being brought 
together permanently by this operation. The density of air 
is increased by forcing more into a close vessel than it natu- 
rally contains. Rarity is the quality opposed to density, and 

16. Enumente the peculiar mialities of bodies. — 17. V^^aju^9K4«&iK^3<v^ 
What bodies are most dense? Siio^ \ivaX. ^«u«v\;3 \% xtfi\. -kq. «*'^?^ 
quahty of metals. How may this quaX\Vj\>* VacwMwAva^vJu^^ J^'*** 
iMnntyP To what cUsi of \K>d»« \a ti» \«tm ^w^tvJ^-s ^^^^ 
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denotes that the substance to which it is applied is porous 
and light : the intervals between the particles of matter are 
augmented, and hence the same number of particles occupy a 
larger space. The term is chiefly applied to aeriform bodies, 
the terms dilatation and expansion being employed in speaking 
of solids and liquids. 

18. Hardness and elasticity, — ^The quality of hardness is 
not in proportion, as might be expected, to the density of 
the substance, but to the force with which the particles of a 
body cohere, or keep their places. Glass, for mstance, will 
scratch gold or platinum, though these metals are much more 
dense than glass. It is probable, therefore, that these metals 
contain the greatest number of particles, but that those of 
glass are more firmly fixed in their places. Elasticity is the 
quality by which bodies, after being forcibly compressed or 
bent, regain their original state when the force is removed- 
Some substances are highly elastic, while in others this quality 
is entirely absent. The separation of two bodies, after colli- 
sion, is a proof that one or both are elastic. The quality of 
elasticity is connected with that of hardness, the hardest 
bodies being also the most elastic. Ivory, glass, marble, flint, 
and ice, are elastic solids: an ivory ball dropped upon a 
marble slab, will bound to a height nearly equal to that from 
which it fell, and no mark will be left on either subetance. 

19. Brittle7iess. — This quality denotes that the bodies to 
which it belongs admit of being easily broken, or separated 
into irregular fi-agments; and it is found chiefly in hard 
bodies. Jt does not appear that brittleness is entirely 
opposed to elasticity, since, in many substances, these quali- 
ties are united. Glass is the standard or type of brittleness, 
and yet a ball, or fine threads of this substance, are highly 
elastic, as may be seen by the bounding of the one, and the 
springing of the other. Brittleness ollen results from the 
treatment to which substances are submitted. Iron, steel, 
brass, and copper, become brittle when heated and suddenly 
cooled ; but, if cooled slowly, they do not admit of being 
easily broken. 

18. Is the quality of hardness proportional to the density of a body? 

Why -will glass scratch gold or platinum ? Which are the hardest metals ? 

What is meant by elasticity? How is it known that bodies possess this 

property? Mention several elastic solids. — 19. What \a bt\Uktv<6%a? 

c//vtf &u Jastance in which the qualities of brlttlene&a and. «\a&\.\c\V; a£« 

ujjJted, IIow may iron, steel, aud brass be r«aderodW\tXVe? 
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20. MalleahilUy, — ^Malleability is the quality by which 
some metals admit of being extended into thin plates or 
leaves under the hammer, or rolling-press ; its employment is 
of great importance in the arts and conveniences of life. 
This quality depends upon a high degree of tenacity connected 
with a certain degree of softness. The malleable metals are 
gold, silver, iron, copper, and some others. Of these, gold 
IS the most malleable : a grain of gold may be extended so 
as to cover 50 square inches of sunace, and to have a thick- 
ness not exceeding 1 -282,020th of an inch ; it may thus pre- 
sent two millions of visible points, and admit of the trans- 
mission of light through its substance. Metals which have 
become brittle, either in consequence of fusion, or of long 
continued hammering, are again rendered malleable by 
annealing^ or the process of heating a metallic body, and 
allowing it to cool in a moderate temperature. A few of the 
malleable metals can be welded^ or portions of them joined 
together by hammering. Iron and platinum may be welded 
together at a bright-red heat, and fragments of potassium may 
be made to adhere by pressing them together by the hand at 
the ordinary temperature of the air. 

21. Ductility. — ^Ductility is the quality by which a metal 
admits of being drawn out into wire. Wollaston succeeded 
in drawing platinum into threads not much larger than those 
of the spider's web ; he also formed a gold wire so thin as to 
be only 1 -5000th of an inch in diameter: 550 feet of it 
weighed only one grain ; an ounce of it would extend 50 
miles. We might expect that the most malleable metals 
would be also the most ductile ; but experiment proves that 
this is not the case. The ductility of metals is not always 
proportional to their malleability ; iron, for instance, may be 
drawn into very fine wire, but it cannot be beaten into very 
thin leaves ; on the other hand, tin and lead may be ham- 
mered into thin leaves, but cannot be drawn into small 
wire. 



20. What is meant by malleability? Upon what other qualities does 
this quality dejpend ? Wbich are the malleable metals ? Illustrate tha 
malleability of eold. How may metals which have become brittle, be 
rendered malleM>le ? What is meant by welding ? — 21. What \& tsaasq^. 
by ductility? To what extent haatYi* ^\MiC\\\Vj q1 ^OA.\««o^ ^xevfeSw^ 
An th€ mort malleable metala aUo t\\ft xaio*^ ^\«x:\\"ft'i Q^v^^'MJ.vasJuKowfc. 
in proof of tb« contrary. 
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22. Tenacity. — ^Tenacity is the quality by which a body 
resists extension or the separation of its parts ; it is a direct 
result of the attractive force of cohesion among the particles 
of a solid, and may be employed as a measure of the inten- 
sity of this form of attraction. There is a considerable differ- 
ence in the tenacity of different substances; some possess 
this quality in a remarkable degree, while othears are torn 
asunder by the smallest force. 1. Every thing prepared 
fix)m flax and hemp, is composed of woody tissue, which pos- 
sesses great tenacity and strength, and is hence employed in 
the manufacture of linen ; whilst cotton is composed of cel- 
lular tissue, which is brittle, and possesses little or no cohe- 
sion among its particles. 2. The tenacity of different metals 
is determined by ascertaining the weight which a wire of a 
certain thickness can support without breaking. This quahty 
appears to be highest in uron, and lowest in lead. 

PHENOMENA OF GRAVITATION. 

23. Terrestrial gravitation, — ^It has already been stated, 
§ 12, that the force by which bodies, in masses, are drawn 
towards each other, is termed the attraction of gravitation. 
The attraction which the earth exerts on all bodies near its 
surface, is called terrestrial gravitation, and the specific force 
with which any body is attracted, is termed its weight. All 
falling bodies tend towards the centre of the earth, in right 
lines ; or, to speak more strictly, with reference to the spher- 
oidal figure of the earth, in lines perpendicular to the surface 
of still water. It follows, therefore, that two falling bodies, 
on opposite parts of the earth, mutually fall towards each 

22. What is tenacity ? From what does this quality arise ? What 
elementary vegetable tissue is highly tenacious, and to what purpose is 
it consequently applied? How is the tenacity of metals ascertained ? — 
23. What is meant by terrestrial gravitation ? What is meant by the 
weight of a body ? What is the tendency of all falling bodies, with re- 
spect to terrestrial gravitation? In vrh&t direction will two falling 
bodies from opposite parts of the earth tend, in respect to each other ? 
In what direction will one from half way betiveen them meet their line ? 
How is this shown by the figure ? Are the terms up and doum relative 
or positive, in their meaning ? What is understood by dotcn in any 
part of the earth? Suppose a ball be let fall at twelve and then at six 
o'clock, in what direction would the lines of their descent meet each 
ofAer? Suppose two balls to descend from opooalte sides of tli« e&xt.bi^ 
ir/iat would be their direction in reipect to eaca otViet ? 
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the diaUDce of a quarter, i 
earth's circumference trosa lu, is carried in a directiOQ exactly' 
across, or at right an^e« to, tba line above indicated. "Tlui 
will be readily understood 
by Fig. 3, where the drcle 
is Bupposcid to be the lar- 
oumference of the earth ; a, 
the ball &lling towards it» 
upper snr&ce, where we 
stand ; b, a ball falling 
towards tiie opponl« ude i 
of the earth, but ascending J 
in respect to us ; and i\ a r 
bull descending at the dis- 
tance of a qoarter of the ^ 
circle, from the other two, 
and crossing the line of 
Lbeir direction at right 
angles. It will be obrious, 
iberefore, that what we call 
up and dotmi are merely ~'Bir S. 

relative terms, and that ^ 

what ia down in respect to us, is up in respect to those who 
live on the opposite side of the earth, and so the contrary. 
Consequently, down everywhere means towards tlie centre of 
the earth, and up &om ihe centre of the earth ; because all 
bodies descend towards the earth's centre, from whatever part 
they are let fall. This will be apparent when ire consider, 
that as the earth revolves on its axis every 24 hours, we are 
carried with it through the points A, c, and b ; and there- 
fore, if a ball is supposed to fall from the point a, at 12 o'clock, 
and thesameballtofallagainfromthesame point above theeartli 
at 6 o'clock, the two lines of direction will be at right angles, 
aa represented in ■' " <■ .i . . . ^.i — .. .t-.i 

was under a at , 

earth having in that tdme performed one quarter of its daily 
revolution. At 12 o'clock at nieht, if the ball be supposed to 
fall again, its line of direction wSl be at right angles with that 
of its last descent, and oonseqnently it will ascend m respect to 
the point on which it fell 12 hours \irfoTt,\«sK»»fc'^«>'»*^ 
would bare then gone thiougti one ^«li ^i«i ^i^i^l T^i^Mwwv, 
and the point A would be at B. 
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24. Velocity of falling bodies, — "The velocity or rapidity 
of every falling body is uniformly accelerated, or increased, 
in its approa(£ towards the earth, from whatever height it 
falls. 1. If a rock is rolled from a steep mountain, its motion 
is at first slow and gentle, but as it proceeds downward, it 
moves with perpetufdly increased velocity, seeming to gather 
fresh speed every moment, until its force is such that every 
obstacle is overcome ; trees and rocks are beat from its ^th, 
and its motion does not cease until it has rolled to a great 
distance on the plain. 2. The same principle of increased velo- 
city as bodies descend from a height, is curiously illustrated 
by pouring molasses or thick syrup from an elevation to the 
ground. The bulky stream, of perhaps two inches in diame- 
ter, where it leaves the vessel, as it descends, is reduced to 
the size of a straw, or knitting needle ; but what it wants in 
bulk is micde up in velocity, for the small stream at the ground, 
will fill a vessel just as soon as the large one at the outlet. 
3. For the same reason, a, man may leap from a chair without 
danger, but if he jump from the house-top, his velocity be- 
comes so much increased, before he reaches the ground, as to 
endanger his life by the blow. 

25* " It is found by experiment, that the motion of a fall- 
ing body is increased, or accelerated, in regular mathematical 
proportions. These increased proportions do not depend on 
the increased weight of the body, because it approaches 
nearer the centre of the earth, but on the constant operation 
of the force of gravity, which perpetually gives new unpulses 
to the falling body, and increases its velocity. It has been 
ascertained by experiment, that a body, falling freely, and 
without resistance, passes through a space of 16 feet and 1 
inch during the first second of time. Leaving out the inch, 
which is not necessary for our present purpose, the ratio of 
descent is as follows : — If the height through which a body falls 
in one second of time be known, the height which it falls in 
a proposed time may be computed. For since the height is 
proportional to the square of the time, the height through 
which it will fall in two seconds will ha four times that which 

24. What is said concerning the motions of falling bodies ? How is 

this increased velocity illustrated? Why is there any more danger in 

jumping from the house-top tlian from a chair? — 25. What number of 

/tfei does a falling body pass through during the tirat second V How Can: 

f/oes it fall during the next second? How iai dunu^ t\v^ \X\vc^, \Xia 

yciutli, the £ftb second? 
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If. falls through in one second; in three seconds it will fall 
through nine times that space ; in four seconds, sixteen times 
that of the first second; in Jive seconds, twenty-Jive times, and 
so on in this proportion. 

26. " It will be readily conceived, that solid bodies falling 
from great heights, most ultimately acquire an amazing velo- 
city by this proportion of increase. An ounce ball of lead, 
let fiJl from a certain height towards the earth, would thus 
acquire a force ten or twenty times as great as when shot out 
of a rifle. By actual calculation it has been found that, were 
the moon to lose her projectile force, which counterbalances 
the earth's attraction, she would fall to the earth in four days 
and twenty hours, a distance of 240,000 miles. And were 
the earth's projectile force destroyed, it would fall to the sun 
in sixty-four days and ten hours, a distance of 95,000,000 of 
miles. Every one knows by his own experience the differ- 
ent effects of the same body falling from a great or a small 
height. A boy will toss up his leaden bullet and catch 
it with his hand, but he soon learns, by its painful effects, not 
to throw it too high. The effects of nail-stones on window- 
^lass, animals, and vegetation, are oflen surprising, and some- 
times calamitous illustrations of the velocity of falling bodies. 

27. Attraction proportionable to the matter, — " If two bodies 
contain like quantities of matter, their approach will be equally 
rapid, and they will move through equal distances towards 
each other. But if the one be small and the other large, tho 
small one will approach the other with a rapidity proportioned 
to the less quantity of matter it contains. It is easy to con- 
ceive, that if a man in one boat pull at a rope atUiched to 
another boat, the two boats, if of the same size, will move 
towards each other at the same rate ; but if the one be lar^e 
and the other small, the rapidity with which each moves wdl 
be in proportion to its size, the large one moving with a** 
much less velocity as its size is greater. A man in a boat 
pulling a rope attached to a ship, seems only to move the boat, 

26. Would it be possible for a rifle ball to acquire a ereater force by 
Cidling, tban if shot from a rifle ? How long would it take the moon to 
come to the earth aceordine to the law of increased velocity? How 
loDff would it take the earth to fall to the sun ? What familiar IIU3&- 
trations are given of the force ac<^uired b^ \.Vva s^^itvVj <i\ \aii^^^s|J>'a^'®''^ 
—27. Suppose one body moviug toNj^tda MvoVJwst \X«^<6 ^CvTOs«. -a^x^s^^ 
br the force of gravity, what vouU \»« V\x«:vx ^xo^o^vsv^ ^^^^^^^'^ ' 
JIow If tbiM iiluBtrated Y 
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"but that he really moves the ship is certain, when it is con- 
sidered, that a thousand boats pulling in the same manner 
' would make the ship meet them half-way. It appears, 
therefore, that an equal force acting on bodies containing 
different quantities of matter, moves them with different velo- 
cities, and that these velocities are in an inverse proportion 
to their quantities of matter. 

Of MOTION IN GENERAL. 

28. Laws of Motion^-^By the term motion is signified a 
continued change of place in bodies, with reference to a fixed 
point ; and, according to the explanation, already given, of 
the universal property of matter, called inertia (§ 6,) the 
condition of motion is as natural to bodies as that of rest^ or 
the opposite condition. Owing to the absence of v(^tionf 
and the presence of inertia, every substance in nature pre- 
sents a passive character, yielding itself to the operation of 
external causes, and wholly incapable of originating motion 
in itself, or of arresting any motion which may have been im- 
parted to it. These and other fundamental laws of niature, 
m relation to rest and motion of matter, were announced by- 
Newton in the three following propositions: — 

1. Every body must persevere in its state of rest, or of 
uniform motion in a straight line, unless it be compelled 
to change that state by forces impressed upon it. 

2. Every change of motion must be proportional to the 
impressed force, and must be in the direction of that 
straight line in which the force is impressed. 

3. Action must always be equal and contrary to reaction ; 
or the actions of two bodies upon each other must be 
equal, and their directions must be opposite. 

Hence, in the language of philosophy, the power which com- 
municates motion to a body, is called /arcg. It is the force 
of gravity counteracting inertia, which determines the fall of 
a body towards the earth. The loaded waggon is set in mo- 
tion by the muscular force of horses, the miU-wheel by the 
force of falling water, the vane by the force of wind ; the 
motion of the steam-engine, and of various other machines, is 
maintained and regulated by the application of a fly-wheel. 

2tff. How do you define motion? State the three laws of motion. 
>^'A«^ is tbtU power called which puts a body in, motion? 'WXMftX ^ioks^^ 
ife the eonsequence were all motion to cease? 
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Without force, there could he no motion; without motion, 
there could be no rising or setting of the sun, no change of 
seasons, no £ill of ram, no animal life. 

29. *^ Eest, in ihe common meaning of the term, is the op- 
posite of motion; but it is obvious that rest is often « relative 
term, since an object may be perfectly at rest with respect 
to some things, and in rapid motion in respect to others. 
Thus a man sitting on the deck of a steam-boat,, may movo 
at the rate of fifteen miles an hour, with respect to the land^ 
and still be at rest with respect to the boat. And so, if an- 
other man were running on the deck of the same boat at the 
rate of fifteen miles the hour in a contrary direction, he would 
be stationary in resi)ect to a fixed point, and still be ruiining 
with all his might with respect to the boat. 

30. Velocity of motion, — ^* Velocity is the rate of motion 
lit which a body moves from one place to another^ [and is 
estimated by comparing the distance with the time occupied 
in passing over it J. velocity is independent of the weight 
or ma^tude of the moving body — thus, a cannon-ball and 
ti musket-ball, both flying at the rate of a thousand feet in a 
second, have the same ^odties. 1. Velocity is said to be 
uniform^ when the moving body passes over equal spaces in 
equal times: if a steam-boat move at the rate of ten miles every 
hour, her velocity is uniform; the revolution of the earth, 
fiom west to east, is a perpetual example of uniform motion. 
"2. Velocity is accelerated^ when the rate of motion is con- 
stantly increased, and the moving body passes through un- 
equal spaces in equal times. Thus, when a falling body moves 
sixteen feet during the first second, and forty-eight feet dur- 
ing the next second, its vdocity is accelerated. A body fill- 
ing firom a height fireely through the air, is the most perfect 
example of this kind of velocity. 3. Retarded velocity, is 
when the rate of motion of the body is constantly decreased, 
and it is made to move slower and slower. A ball thrown 
upwards into the air has its velocity constantly retarded by 
the attraction of gravitation, and, consequently, it moves 
slower every moment." 4. In cases of accelerated, and of 

29. In what respect is a man in a steam-boat at rest, and in what re- 
spect does he move? — 30. What is velocitj? When is velocity uni- 
form ? When is velocity accelerated ? Give illustrations of the&& t^nnc^ 
kmdi of velocity. W hat is mesAt \>^ t«\»t4ib^ n^wX-^^ Qkvhv. ^sf*- ^'^- 
4MDp/e o{ retarded velocity. WUt « \V<a ^\^\i«i>a«iv>»^.'««wi^^^^^^ 
&ud veioeity? How are they \>o\k xDMSOsn^t 
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retarded velocity, a distinction is observed between the initial 
and the ^naZ velocity of a body: the former is exhibited by 
the body when it commences its motion ; the latter only after 
the lapse of a certain time : both are measured by the space 
which the body would have passed over, in one second, with 
the uniform initial or final velocity, as the case may be. 

81. Force^ or momentum of moving bodies, — "The velocities 
of bodies are equal, when they pass over equal spaces in the 
same time ; but the force with which bodies, moving at the 
same rate, overcome impediments, is in propoi-tion to the 
quantity of matter they contain. This power, or force, -is 
called the momentum of the moving body. Thus, if two bodies 
of the same weight move with the same velocity, their mo- 
menta will be equal. Two vessels, each of a hundred tons, 
sailing at the rate of six miles an hour, would overcome the 
same unpediments, or be stopped by the same obstruction ; 
their momenta would therefore be the same. The momentuni 
of a body is found by multiplying its quantity of matter by- 
its velocity. Thus, il' the velocity be 2 and the weight 2, the 
momentum will be four. If the velocity be 6 and the weight 
of the body 4, the momentum will be 24." An iceberg moves 
slowly, but its" momentum is prodigious, owing to its quantity 
of matter; a musket ball contains little matter, but its mo- 
mentum is destructive, in consequence of its velocity. A 
body weighing only 3 pounds, and moving at a velocity of 
300 feet in a second, will possess as much momentum as a 
body weighing 30 pounds, and moving at the rate of only 
30 feet per second, for 300 X 3 = 30 X 30. 

32. Action and reaction. — " If a moving body strike an 
impediment, the force with which it strikes, and the resist- 
ance of the impediment, are equal. Thus, if a boy throw his 
ball against the side of the house, with the force of 3, the 
house resists it with an equal force, and the ball rebounds. 
If he throw it against a pane of glass with the same force, 
the glass having only the power of 2 to resist, the ball will 
go through the glass, still retaining one-third of its force. 
From observations made on the effects of bodies striking each 
other, it is found that action and reaction are equal ; or, in 

31 . What is meant by the momeDtnm of a body ? When will the xno>- 
menta of two bodies be equal ? (live an example. By what rule is the 
momeutum of a body found? — 82. When a moving body strikes an im< 

pediment^ which receives the greater shock? WYval Va Ox* \ar« ol«L«,\;\viw 

Mud reaction P f/ioiria {Lis illustrated? 
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e equal. Thua, -vheo 
t, the body a 



other words, that force and rcaisUnce a: 

B moving body strikes one tbat ig at rei , 

tums the blow with equal force. This is illustrated by the 

well known fact, that if two pereons strike thdr heada to- 

f^her, one being in motion, and the other at rest, they are 

both eqaolly hurt. 

33. "The philosophy of action and reaction a finely S- 
lualrated by a number of ivory balls, suspended by tbr^tds, 
as in Fig. 4, so as to touch each 
other. If the ball a be drawn 
from the perpendicular, and then 
let fall, so as to strike the one 
next to it, the motion of the 
fkUing ball will be communicated 
tbrou^ the whole series, from one 
to the other. None of the balls, 
except F, will, however, appear 
to move. This will bo under* 
stood, when we consider tbat ■ / 
the reaction of b is just equal 
to the action of a, and tbat each ( 
of the other balls, in like m Miner, a ^ j»^.^ 
acts and reacts on the other, an- ** OOOO 
til the motion of A arrives at * E .0 C M 

F, irilich, having no impediment. Fig. i. 

or nothing to act upon, is itself 

put in motion. It is, therefore,' reaction which causes all the 
balls except f to remain at resL It is by a modification i^ 
the same principle, that rockets are impelled tbrou":b the tar. 
The streun of expanded air, or the fire which is emitted from 
the lower end of the rocket, not only propels against the 
rocket itself, but against the atmospheric air, which, reacting 
•gunst the air so expanded, sends the rocket along. 

84. lUfKled modoii.— "The kind of motion now to be 
cooddered ia that which is produced when bodies are turned 
out of a straight lino by some force, independent of gravity. 
A single force, or impulse, sends the body directly forward, 
but another force not exactly coinciding with this, will give 

33. Wben ona of the ivoij 1»l1i Mrikei the other, nhj dnei the moat 
ditlant one only move? On wh&t priocif U ue TCK,'««ix'\Tc^i^<:Ji.'0«c«a^ 
tba tit?— 34. VVhjU is tlie motioii («Hed,-7r\«n *. VA^ \» 'oit^'A. -w** 

■ llaigbt Ub» b)' uotber fo«e? V/taxmamiWii"*'-*-!'™-*"'**" 

Sectmi BNMha? 
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it a new dQrection, and bend it oat of its former course. If, 
for instance, two moving bodies strike «ach other obliquely, 
they will both be thrown out of the line of their former di- 
rection. This is called reflected motion, because it observes 
the same laws as reflected light. The bounding of a ball ; the 
skipping: of a stone over the smooth surface of a pond ; and 
the obhque direction of an apple, when it touches a limb in 
its fall, are examples of reflected motion. 

35. ^^ By experiments on this kind of motion, it is found 
that moving bodies observe certain laws, in respect to the 
direction they take in rebounding from any impediment thev 
happen to strike. Thus, a baU, striking on the floor, or wall 

of a room, makes 
)C the same angle in 
leaving the point 
where it strikes, 
that it does in ap- 
proaching it. 1. 
Suppose A B, Fiff. 
5, to be a marble 
skb, or floor, and 
c to be an ivory 
ball, which has 
been thrown to- 
wards the floor in 
the direction of the 
line c e; it will 
rebound in the di- 
rection of the line 
E D, thus making 




Fig. 5. 




Fig. 6. 



the two angles F and 6 exactly equal. 2. If the ball ap- 
proached the floor under a larger or smaller angle, its re- 
bound would observe the same rule. Thus, if it fell in the 
line H E, Fig. 6, its rebound would be in the line K i, and if 
it were dropped perpendicularly from l to k, it would return 
in the same line to l. The angle which the ball makes with 
the perpendicular l K, in its approach to the floor, is called 
the angle of incidence^ and that which it makes in departing 

35. What laws are observed m reflected motion ? Suppose a ball to 
be thrown on the floor in a certain direction, what rale wul it observe in 
nbouading? What is the angle called which the ball loakea in a^i|^Toach- 
/j3^ the £ooT? Whskt is the angle called wh\c\i \t makoa lu \«abNVBL^ ^^:kft 
Mopr/' What is the diiference between these a»%\e»? 
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from the floor in the same line, is called the angle of reflection j 
and these angles are always equal td each other. 

36. Circular motion, — " Circular motion is the motion <rfa 
body in a ring, or circle, and is produced by the action of two 
forces. By one of these forces the moving body tends to fly 
off* in a straight line, while, by the other, it is drawn towards 
the centre, and thus it is made to revolve, or move round in 
a circle. The force by which a body tends to go off in a 
straight line is called the centrifugal force; that which keeps 
it flrom flying away, and draws it towards the centre, is called 
the centripetal force. Bodies moving in circles are constantly 
acted upon by these two forces. If the centrifugal force 
should cease, the movins body would no longer perform a 
circle, but would directly approach the centre of its own 
motion. J£ the centripetal force should cease, the body 
would instantly begin to move ofl* in a straight line, thi^ 
being, as we have explained, the direction winch all bodies 
take when acted on by a single force. 

87. " This will be obvious by Fig. 7. Suppose A to be a 
cannon ball, tied with a string to the centre of a slab of 
smooth marble, and suppose 
an attempt be made to push 
this ball with the hand in 
the direction of b ; it is ob- 
vious that the string would 
prevent its goin^ to that 
point ; but would &eep it in 
the circle. In this case, the 
string is the centripetal force. 
Now, suppose the ball to be 
kept revolving with rapiditjr, 
its velocity and weight will 
occasion its centrifigal force; 
and if the string were cut, 
when the ball was at the ^^f^ '• 

point c for instance, this force would carry it ofl* in the line 
towards B. 

36. What is circular motion ? How is this motion prodoced ? What 
is the centrifugal force ? What is the centripetal force ? Suppose the 
centrifdgal force should cease, in what dlt«ct\otL'<«t^'Q!A ^2ga\)k^ ^i&Sir%^'^ 
SnppoM tile centripetal force sho\i\d cwBaa^^Vw^ 'wwi^.^ '^^\ir^ ^2.^ 

-4f, Explun Rg. 7. Wbat coTMrtiVxVm OoLtitft^NxvVasei^^wa^^'^'^^*^ 

moving round in a circle ? Ho^ \a tK>a VIXxiaXxqXa^'^ 
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88. "The greater the velocity with which a body moves 
round in a circle, the greater will be the I'orce with which it 
will fly off in a right hne. Thus, when a person wishes to 
sling a stone to the greatest distance, he whirls it round vrith 
the greatest possible rapidity before he lets it go. Before the 
invention of other warlike instruments, soldiers threw stones 
in this manner with great force, and dreadful effects. The 
line about which a body revolves, is called its axis of motion. 
The point round which it turns, or on which it rests, is called 
the centre of motion. In Fig. 7, the point d, to which the 
string is fixed, is the centre of motion. In the spinning top, 
a line through the centre of the handle to the pomt on which, 
it turns, is the axis of motion. 

CENTRE OF GRAVITY. 

39. "The centre of gravity, in any body or system of bodies, 
is that point upon which the body, or system of bodies, acted 

upon only by gravity, will balance 
itself in all positions. The centre 
of gravity, in a wheel made entirely 
of wood, and of equal thickness, 
would be exactly in the middle, or 
in its ordinary centre of motion. 
But if one side of the wheel were 
made of iron, and the other part of 
wood, its centre of gravity would 
be changed to some point, aside 
Fig. 8. from the centre of the wheel. 

Thus, the centre of gravity in the wooden wheel, Fig. 8, would 
be at the axis on which it turns ; but were the arm a of iron, 
its centre of motion and of gravity would no longer be the 
same, but, while the centre of motion remained as before, the 
centre of gravity would fall to the point A. Thus the cen- 
tres of motion and of gravity, though oflen at the same point, 
are not always so. 

40. "When the body is shaped irregularly, or there are 

38, What is the axis of motion ? What is the centre of motion ? 
Give illustrations. — 39. Where is the centre of gravity in a body? 
Where is the centre of gravity in a wheel made of wood ? If one side 
is made of vrood, and the other of iron, where is the centre of gravity ? 
Are the centres of motion and of gravity always the same ? — 40. When. 
trro bodies are coDnected, as by a bar between t\iem.,N«\i«cQ Va V^s^e <^«a\.T« 
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two or more bodies connected, the centre of gravity is the 
point on which they will balance without fiJling. If the two 



B 



A , ^ 




Fig. 9. 



Fig. 10. 



balls A and B, Fig. 9, weigh each four pounds, the centre of 
gravity will be a point on the bar equally distant from each. 
But if one of the balls be heavier than the other, then the 
centre of gravity will, in proportion, approach the larger 
ball. Thus, in Fig. 10, if c weigh two pounds, and D eight 
pounds, the centre of gravity wiU be four times the distance 
irom c that it is from d. 

41. "In a body of equal thickness, as a board, or a slab 
of marble, but otherwise of an irregular shape, the centre of 
gravity may be found by suspending it, furst from one point, 
and then from another, and marking, by means of a plumb 
line, the perpendicular ranges from the point of suspension. 
The centre of gravity will be the point where these two lines 






Fig. 11. Fig. 12. Fig. 13. 

cros5 each other. Tims, if the irregular-shaped piece of board, 
Fig. 11, be suspended by making a hole through it at the 
pomt A, and at the same point suspending the plumb line c, 
both board and line will hang in the position represented in 
the figure. Having marked this line across the board, let it 
be suspended again in the position of Fig. 12, and the per- 
pendicular lino again marked. The point where these lines 
cross each other, is the centre of gravity ^ as aefewVyj ^x-^.x^. 

41. In s board of irwgulat »W«v%. A^? ^>a.tv\. Tcv^^^^^ ^'^ ^'^ '^^^^ 
gtuvity found f 
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42. " It 18 often of great consequence, in tlie concerns of 
life, that the subject of gravity should be well considered^ 
since the strength of buildings, and of machinery, often de- 
pends chiefly on the grayitatmg point. Common experience 
teaches, that a tall object, with a narrow base, or foundation, 
is. easily overturned ; but common experience does not teach 
the reason, for it is only by understanding principles that 
practice improves experiment. An upright object will fall 
to the ground when it leans so much that a perpendicular 
line from its centre of ^avity falls beyond its base. A tall 
chimney, therefore, with a narrow foundation, such as is 
commonly built at the present day, will &I1 with a very slight 
inclination. Now, in falling, the centre of gravity passes 
through the part of a circle, the centre of which is at the 
extremity of the base on which the body stands. This will 
be comprehended in Fig. 14. Suppose the figure to be a 

block of marble, which is to be turned 
over, by lifting at the corner A, the 
corner B would be the centre of its 
motion, or the point on which it would 
turn. The centre of gravity, c, would 
therefore describe the part of a circle, 
of which the comer B is the centre. 
Fig. 14. It YfiH be obvious, after a little con- 

sideration, that the greatest difficulty we should find in turn- 
ing over a square block of marble, would be, in first raising 
up the centre of gravity, for the resistance will constantly 
become less, in proportion as the point approaches a perpen- 
dicular line over the corner B, which havmg passed, it will 
fall by its own gravity. 

43. "The difficulty of turning o\^' a body of a particular 

form, will be more strikingly illustrated 
by the figure of a triangle, or low pyra- 
mid. In Fig. 15, the centre of gravity 
is so low, and the base so broad, that in 
turning it over, a great proportion of its 
whole weight must be raised. Hence we 
Fig. 1 5. see the firmness of the pyramid in theory, 

42. In what direction must the centre of cavity be from the outside 
of the base, before the object will fall ? In tailing, the centre of gravity 
passes through part of a circle; where is the centre of this circle? 1h 
taming oyer m oody, why does the force reqmred coiifttaxLl\N \>«cxmi«\«%si 
Mod less?— 43, Why is leaa force required to ovettum «k owi^* «t v^^f^xv^, 
^oaa apjrruaid of the same weight ? 
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and experience proves its truth ; for buildings are found to 
withstand the enects of time, and the commotions of earth- 
quakes, in proportion as they approach this figure. The most 
ancient monuments of the art of building, now standing, the 
pyramids of Egypt, are of this form. 

44. Equilibrium, — *'When two forces counteract, or 
balance each other, they are said to be in equilibrium. To 
produce equilibrium, it is, therefore, only necessary that the 
weights on each side of the support should mutually counter- 
act each other, or, if set in motion, that their momenta should 
be equal. A pair of scales are in equilibrium when the beam 
is in a horizontal position. To produce equilibrium in solid 
bodies, therefore, it is only necessary to support the centre 
of gravity. If a body, 
or several bodies con- 
nected, be suspended 
by a string, as m Fig. 
16, the point of sup- 
port is always in a per- 
pendicular line above 
the centre of gravity. 
The plumb line d, cuts 
the bar connecting the 
two balls at this point. 
Were the two weights 
in this figure equsJ, it Fig. 16. 

is evident that the hook, or point of support, must be in the 
middle of the string, to preserve the horizontal position. 
"When a man stands on his right foot, he keeps himself in 
e(|uilibrium by leaning to the right, so as to bnng his centre 
ot gravity in a perpendicular line over the foot on which he 
stands. 

CURVILINEAR OR BENT MOTION. 

45. "In curvilinear motion the direction of the body is 
neither straight forward nor diagonal, but through a line 
which is curved. This kind of motion may be in any direc- 

44. What is meuit hy equilibrimn ? To produce e^uilibriom, moat 
the weights be eaoal ? when is a pair of scales in eq;iiLibt\n30Qk9 V^Vwb. 
a body is sospenaed by a string, -Wnsra uraA^ ^% «ix^-^'iN.\»'«<^tM^»» 
to the point of rravity ?— 45* VJ\»fc \% m^wA. >»-} cqdK^xbs^ ^«^^ 
Wbai m eam^ai of thii kmd ol umAKoiv'^ viW. vk^ V^w-' ^««* 
this motion? 
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tion; bat when it isprtxluced in part by gravity, its direclioii 
19 always towards the eurth. A stream of water from an 
aperture in the side of a ves^l, as it falls towards the gronnd, 
is an example of a curved line ; and a body paseing tbron^h 
such a line, is said to have curviliaear motion. Any body 
projected forward, as a cannon boll or rocket, foils to thtt 
earth in a curved line. It is the action of pjavity across the 
course of the stream, or the path of the ball, which bends it 
downwards, and makeu it form a curve. This motioa is 
therefore the result of two forces, tbat of projection and that 
of gravity. The shape of the curve will depend on the velo- 
city of the stream or ball. When the pressure of the water 
is great, the stream near the vessel is nearly horizontal, be- 
cause its velocity is in proportion to the pressure. When a 
ball first leavcB the cannon, it describes but a slight curve, 
because its projectile velocity is then greatest. 

46. '"The curves described by jets of water, under differ- 
ent degrees of pressure, are readily illustrated by tapjnng n 
tall vessel in several places, one above the other. Suppoaa 




46. On what don ()iB ihipe of the cucve depend ? Howinthscui 
deseiibed by lata of watar illuatnud ? Wlut diSerencs ia there in 
apact to the time taken bf a body to leich the rround, whether the ci 
'" Why do bodies formiog different curv< ' 
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Fig. 17 to be such a vessel filled with water, and pierced as 
represented, the streams wiU form curves, differing from each 
other, as seen in the figure. The action of gravity being al- 
ways the same, the shape of the curve described, as just stat- 
ed, must depend upon the velocity of the moving body; but 
whether the projectile force be great or small, the moving 
body, if thrown horizontaUy, will reach the ground fix)m the 
same height in the same time. This, at first thought, would 
seem improbable, for, without consideration, most persons 
would assert, very positively, that if two cannons were fired 
from the same spot, at the same instant, and in the same 
direction, one of the balls falling half a mile, and the other 
u mile distant, the ball which went to the greater distance 
would take the longer time in performing its journey. But 
it must be remembered that the projectile force does not in 
the least interfere with the force of gravity. A ball flying 
horizontaUy at the rate of a thousand feet per second, is at- 
tracted downwards with precisely the same force as one flying 
only a hundred feet per second, and must therefore descend 
the same distance in the same time. 

47. "The distance to which a ball will go depends on the 
force of impulse given it the first instant, and consequently 
on its projectile velocity. l£ it move slowly, the distance will 
be short; if more rapidly, the space passed over will be 
greater. It makes no difference, then, m respect to the de- 
scent of the ball, whether its projectile motion be fast or slow, 
or whether it move forward at all. This is demonstrated by 
experiment. Suppose a cannon to be loaded with a ball, and 
placed on the top of a tower, at such a height from the ground 
that it would take just three seconds for a cannon ball to de- 
scend from it to the ground if let fall perpendicularly. Now, 
suppose the cannon to be fired in an exact horizontal direc- 
tion, and at the same instant the ball to be dropped towards 
the ground, they will both reach the ground at the same 
instant, provided its surface be a horizontal plane from the 
foot of the tower to the place where the projected ball strikes. 



47. Does it make any difference in respect to the descent of the ball, 
whether it has a projectile motion or not ? Suppose then, one ball be 
fired from a cannon, and another let fall from the same height at tk<& 
same instant, would they both reach the g;cQu\i^ «.\. \)cv^ ^-wsva'Cwfi^rx ^^'«-- 
plain Fi^. 18, showing the reason Yi\i^ t\ift\.H«o\>«X\^v?*^'t«»^'^'^^^'=f^ 

St the same time. Why doea the baW a^^towJti ^(>c\ft wMeCo. tmjx^ xwgxs»-^ 

In the hut part of the curve, ihaa Va ^o tknXi 'gv^'i 
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This will be made plain by Fig. 18, where A d is the perpen- 
dicular line of the descending ball, A o the curvilinear path 
of that projected from the cannon, and d g the horizontal 
line from the foot of the tower. 




Fig. 18. 

The reason why the two balls will reach the ground at 
the same time is easily comprehended. During the first 
second, suppose that the ball which is dropped reaches b ; 
during the next second it falls to c, and at the end of the 
third second it strikes the ground. Meantime, the ball shot 
from the cannon is projected forward with such velocity, as 
to reach E in the same time that the other is falling to B. 
But the projected ball falls downwards exactly as fiist as the 
other, for it meets the line B £, which is parallel to the 
horizon, at the same instant. During the next second, the 
projected ball reaches f, while the other arrives at c ; and 
here again they have both descended through the same down- 
ward space-, as is seen by the line c F, which is parallel with 
the other. During the third second the ball from the can- 
non will have nearly spent its projectile force, and therefore, 
its motion downward will be greater, while its motion for- 
ward will be less than before. The reason of this will be 
obvious, when it is considered, that in respect to gravity, 
both balls follow exactly the same law, and fall through 
equal spaces in equal times. Therefore, as the falling ball 
descends through uie greatest space during the last second, 
so that from the cannon having now a less projectile mo- 
tioUf its downward motion is more direct, and, like all 
AUiag bodies^ its velocity is increased as V\. »,^^to«^^& \W 
eMTth. 
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48. '^ From these principles it may be inferred that the 
horizontal motion of a body through the air, does not in 
the least interfere with its gravitating motion towards the 
earth; and therefore that a nfle ball, or any other body pro- 
jected forward horizontally, will reach the sround in exactly 
the same period of time, as one that is let fjul perpendicularly 
from the same height. The two forces acting on bodies whid^ 
fall through curved Hues, are the same as the centrifugal and 
centripetid forces, already explained ; the centrifugal, in the 
case of the ball, being caused by the powder ; the centripetal, 
being the action of gravity. 

PENDULUM. 

49. ^^ A pendulum is a heavy body, as a piece of brass or 
lead, suspended by a wire or cord, so as to swing backwards 
and forwards. When a pendulum swings, it is said to vibrate^ 
and that part of a circle through which it vibrates is called 
its arc. The times of the vibration of a pendulum are very 
nearly equal, whether it pass through a greater or less part 
of its arc. Sup- 

pose A and b, - B 

Fig. 19, to be 
two pendulums 
of equal length, 
and suppose the 
weights of each 

one to G, and 
the other to d, 

and both let &11 Fig. 19. 

at the same instant ; their vibrations would be equal in re- 
spect to time, the one passing through its arc from c to e, 
and back again, in the same time that the other passes 
from D to F, and back again. The reason of this appears to be, 
that when the pendulum is raised high, the action of gravity 
draws it more directly downwards, and it therefore acquires, 
in falling, a greater comparative velocity than is proportioned 

48. What is the force called which throws a ball forward? What is 
that called which brings it to the groand? — 49. What is a pendulum? 
What is meant by the vibration of a peudolxixii? V{\!taiw'S& *^GAis.^^K!^. ^ 
a circle called, through which it avriiifa? "^Vj ^'ti** ^^wAsiss55Si.'«^'w&^ 
in equid tim% whether it goes t\iTo\i§\ ^ wnsil «t\ax%'^ '^»s^^^>^"«^^ 
flteto t2ie law of th« Tibratlon of ^udxAvuccA. 

O 
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to the trifling difference of height.^' From the &cts above 
stated, the following law may be deduced : — ^Pendulums of 
equal length vibrate, or osciliate, at the same place in equal 
times, and are sidd to be isochronous. The heights to which 
such pendulmns are elevated, must not differ con^derably, 
nor most they be raised more than 10° beyond the perpen- 
dicular. 

5^. ^^Ih the common clock, the pendulmn is connected 
with wheel work, to regulate the motions of the hands, 
and with weights, by which the whole is moved. The vibra- 
tions of the pendulum are numbered by a wheel having sixty 
teeth, which revolves once in a minute. Each tooth, there- 
fore, answers to one swing of the pendulum, and the wheel 
moves forward one tooth in a second. Thus the second 
hand revolves once in every sixty beats of the pendulum, and 
as these beats are seconds, it goes round once in a minute. 
£y the pendulum, the whole machine is regulated, for the 
dock goes faster or dower according to its number of vibra- 
tions in a given time.' The number of vibrations which a 
pendulum makes in a given time, depends upon its length, 
because a long pendulum does not peiform its journey to and 
'^froxn the corresponding points of its arc so soon as a short 
oni^. As the motion of the clpdk is regulated entirely by 
the pendulum, and as the number of vibrations are as its 
length, the least variation in this respect will alter its rate of 

foing. To beat seconds, its length must be about 39 inches. 
Q the common clock, the length is regulated by a screw, 
which raises or lowers the weight. But as the rod to which 
the weight is attached is subject to variations of length, in 
consequence of the change of the seasons, being contracted 
by cold, and lengthened by heat, the common dock goes 
faster in winter than in summer. 

50. Describe the common clock. How many vibrations has the i>ezi- 
dulum in a minute ? On what depends the number of vibrations which 
a pendulum makes in a given time ? What is the medium length of a 
pendulum beating seconds ? Why does a common clock go fatter in 
winter than in summer ? 
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CHAP. n. 

OF MECHANICS. 

51. ^^Definitions. — ^In mechanics, as well as in other 
sdences, there are words which must be explained, either 
because they are common words used in a peculiar sense, or 
because they are terms of art, not in common use. 

(1.) " Force is the means by which bodies are set in motion, 
kept in motion, and when moving, are brought to rest. The 
fbrce of gunpowder sets the ball m motion, and keeps it mov- 
ing, untd the force of resisting air, and the force of gravity, 
brmg it to rest. 

(2.) ^* Power is the means by which the machine is moved, 
and the force gained. Thus we have horse power, water 
power, and the power of weights. 

(3.) ^* Weight is the resistance, or the thing to be moved 
by the force of the power. Thus, the stone is the we^t to 
be moved by the force of the lever, or bar. 

(4.) " Fulcrum^ or prop, is the point or part on which a 
thing is supported, and about which it has more or less mo- 
tion. In raising a stone, the thing on which the lever rests, 
is the fulcrum.^* 

52. In mechanics, there are six simple machines, commonly 
called the mechanical powers^ viz. the lever, the pulley, the 
wheel and axle, the inclined plane, the wedge, and the screw. 
All the difl&rent compound machines, however mixed or com- 
plex their construction, consist only of various combinations 
of these few individual powers. 

I. THE LEVER. 

53. First kind of lever, — Any inflexible rod, or bar, 
which is used in raising a weight, or surmounting a resist- 
ance, by being placed on a fulcrum, or prop, becomes a 
lever. This macnine is the most simple of all the mechanical 
powers, and is therefore in universal use. Fig. 20 represents 
a straight lever, or handspike^, called also a crow'bar^ which 

51. What 18 m«aiit by force in mechanics? Wl^t is meant bv 
power ? What is understood by weight ? What is the fulcrum ?— 5l. 
Enumerate the simple mechanical ^^«t%.— ^aSk. "^Xa^ \a -*. Xhs^^s^^ 
What is the simplest o! aX\ mec\»si^«»\ v^^w^"^ ^'^'^^iJ^X^^ 
Which ig the wei^t ? Wbftte *\a \ii* iM\«>xm^« >^V«* >»^ -^^ ^^^ 
mppU^ ? What is the pow«r m t^ni gm«^ 
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is commonly used in raising and moving stone and other 
heavy bodies. The block b is the weight or resistance, a is 




the lever^ and c the fulcrum. The power is the hand, or 
weight of a man, applied at A, to depress that end of the 
lever, and thus to raise the weight. It will be observed, 
that by this arrangement, the application of a small power 
may be used to overcome a great resistance. 

f>4. " The force to be obtained by the lever, depends on 
its length) together with the power applied, and the distance 
of the weight and power from the fulcrum. Suppose, Fig. 21, 





Fig. 21. 

that A is the lever, b the fulcrum, d the weight to be raised, 
and c the power. Let d be considered three times as heavy 
as c, and tne fulcrum three times as far from c as it is from d ; 
then the weight and power will exactly balance each other. 
Thus, if the bar be four feet long, and the fulcrum three feet 
from the end, then three pounds on the long arm, will weigh 
just as much as nine pounds on the short arm, and these pro- 
portions will be found the same in all cases. 
65. " When two weights balance each other, the fulcrum 

54. On what does the force to be obtained by the lever depend ? Sup- 
pose a lever four feet lonff, and the fulcrum one foot from the end, what 
number of pounds will balance each other at the ends ? — 55. When 
weights balance each other, at what point between them must the fulcrum 
be ? Suppose a weight of 16 nounds on the short arm of a lever ia coun- 
terbalanced by 4 pounds in the middle of the long arm, what power 
woaJd balance this weight at the end of the lever ? €\\^^o%«\Xkft lAcrocai 
to be moved to the middle of the lever, what ]^owex \(o>A^^«a>Q««(^via]L 
to 16 pounds. 
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is always the centre of gravity between them, and therefore, 
to make a small weight raise a large one, the fulcrum must 
be placed as near as possible to the large one, since the 
greater the distance from the fulcrum the small weight or 
power is placed, the greater will be its force. Suppose the 
weight B, Fig. 22, to be sixteen pounds, and suppose the 





; 



fulcrum to be placed so near it, as to be raised by the power 
A, of four pounds, hanging equally distant from the fulcrum 
and the end of the lever. K now the power a be removed, 
and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to A, placed at the middle 
of the lever. But let the fulcrum be moved along to the 
middle of the lever, with the weight of sixteen pounds still 
suspended to it, it would then take another weight of sixteen 
pounds, instead of two pounds, to balance it. Fig. 23. Thus, the 





Fig. 23. 

power which would balance sixteen pounds, when the fulcrum 
IS in one place, must be exchanged for another power weigh- 
ing eight times as much, when the fulcrum is in another place. 
56. ^* A common scale-beam, used for weighing, is a lever, 
suspended at the centre of gravity, so that the two arms 
balance each other. Hence the machine is called a balance. 
The fulcrum, or what is called the pivot^ is sharpened, like 
a wedge, and made of hardened steel, so as mucn as possi- 

55. In the common 8cale-beMi^^V«^\%^^^nlcc«sa."^ /^^"^^T^l 
Hon ought the scale-beam to Un^? B.o^ xna.^ ^ Vc»»Sss^'s^ «««i^vr-x>i«« 
be made ? How may the chea^ >>« ^oXAC^Adi'^ 
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ble to avoid fnction. A dish is suspended by cords to eocU 
end or arm of the leyer, for the purpose of holding the arti" 




cles to be -weighed. When the -airhole is suspended at the 
point A, Fig. 24, the beam or lever ought to remain in a hori- 
zontal position, one of its ends bein^r e±£ictly as high as the 
other. If the weights in the two dishes are equal, and the 
support exactly in the centre, they will always hang as repre- 
sented in the figure. A very slight variation of the point of 
support towards one end of the lever, will make a dinerence 
in the weights employed to balance each other. In weigh- 
ing a pound of sugar, with a scale beam of eight inches long^ 
if the point of support is half an inch too near the weight, 
the buyer would be cheated nearly one ounce, and conse- 
quently nearly one pound in every sixteen pounds. This 
fraud might instantly be detected by changing the places of 
the sugar and weight, for then the difference would be quite 
material, since the sugar would then seem to want twice as 
much additional weight as it did really want. 

67. "The steel-yard differs from the balance, in having 
its support near one end, instead of in the middle, and also 
in having the weights suspended by hooks, instead of being 
placed in a dish. If we suppose the beam to be seven inches 



i=^ 




"t 



Fig. 25. 
lon^, and the hook, c, Fig. 25, to be one inch from the end, 



^Z, How does the steel-yard differ from t^ie \m\«isic«^ 
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then the pound wdght, A, will require an additional pound 
at B, for every inch that it is mored from it. This, however, 
supposes that the bar will balance itself, before any weights 
are attached to it. 

58. ^*- In the kind of lever described, the weight to be 
raised is on one side of the fulcrum, and the power on the 
other. Thus thefvlcrum is between ^ power and the weight. 

69. Second kind of lever. — "There is another kind of 
lever, in the use of which the weight is placed between the 





a 



Fig. 26. 



fulcrum and the hand. In other words, the weight to be. 
lifted, and the power by which it is moved, are on the same 
side of the prop. This arrangement is represented by Fig. 
26, where w is the weight, l the lever, v tne fulcrum, and p 
a pulley, over which a string is thrown, and a small wdght 
suspended, as the power. In the common use of a lever of 
the first kind, the force is giuned by bearing down the long 
arm of the lever, which is called prying. In the second kind, 
the force is gained by carrying the long arm in a contrary 
direction, or upward, and this is called lifting. Levers of 
the second kind are not so common as the first, but are fire- 
quently used for certain purposes. ^The oars of a boat are 
examples of the second lond. The water against which the 
blade of the oar pushes, is the fulcrum, the boat is the we^ht 
to be moved, and the hands of the man the power. Two 
men carrying a load between them on a pole, is also an 
example of this kind of lever. Each man acts as the power 
in moving the weight, and at the same time each becomes the 

58. In the first kind of lever, where is the fnlerom, in respect to the 
weight «nd po^er ? — 59. In the seeond kind, where is the ralemm, in 
resMct to tiie weight and power ? What is the action of the first kind 
called ? What is the action of the second kvcA caJisA.*^ Qkv*^ vdbssj^^. 
of tbo second kind of lever. In Tow™«k\w».V^>a^'V^'^'^^=^'«^^;^^ 
tie we^ht, and what the powM? >kW o'Csiw -e^^aSx^.^^ 
dp/e are given? 
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fiilcruin in respect to the other. K the weight happen to 
slide on the pole, the man towards whom it goes, has to bear 
more of it in proportion as its distance from nim is less than 
before. A load at a, Fig. 27, is borne equally by the two 



^ ^ 



Pig. 27. 



men, being equally distant from each other ; but at B, three 
quarters of its weight would be on the man at that end, be- 
cause three quarters of the length of the lever would be on 
the side of the other man. 

60. Third kind of lever. — " In the third and last kind of 
lever, the weight is placed at one end, the fulcrum at the other 
end, and the power between them, or the hand, is between the 
fulcrum and tne weight to be lifted. This is represented by Fig. 
28, where c is the mlcrum, A the power, suspended over the 
pulley B, and i> is the weight to be raised. This kind of lever 
worlbi at great disadvantage, since the power must be greater 
than the weight.* It is therefore seldom used, except in cases 
where velocity and not force is required. In raising a ladder 
from the ground to the roof of a house, men are obliged 
sometimes to make use of this principle, and the great diffi- 





Fig. 28. 

culty of doing it, illustrates the mechanical disadvantage of 
this kind of lever.*' But as the purpose to be fulfilled is not 



60. In the third kind of lever, where are the respective places of tli« 
weight, power, ADd fulcrum ? What is the dVaaA^aJoX^ft© ol \^\fc Vva^^i 
lever? Give an example of the use of the ibird k\ud ol \%^w. 
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always to increase the power of the agent, this kind of lerer 
may be very usefully employed in machinery, where the em- 
ployment of every species of motion is required. Thus, in 
turning, in weaving, in spinning, and in various kinds of 
manufacture, where great velocity, and not great force is 
required, and where the hands of the workman are occupied 
with the more important parts of the work, this kind of lever 
is employed with obvious advantage, the feet being engaged 
to ^ve motion to the machinery. 

61. " We have now described three kinds of levers, and 

' to make the difference between them still more obvious, and 
to avoid all confusion, we will here compare them together. 
In the first kind, the weight, or resistance, is on the short 

•■ arm of the lever, the power, or hand, on the long arm, and 
the fulcrum between them. In the second kind, the weight 
is between the fulcrum and the hand, or power ; and, in the 
third kind, the hand is between the Mcrum and the weight. 





Fig. 29. 

In Fig. 29, the weight and hand both act downwards. Li 30, 
the weight and hSad act in contrary directions, the hand 
upwards and the weight downwards, the weight being be* 



Kg. 30. 



# 



61. In what direction do the Wi^ tsn^ ^«v^\. ^s^. vcw'^^^sc*.^Kss^,g^ 
lever? In what direction do ibey a<A vdl Mi« wswA^kssA.'^ ^^.-^^a* 
direedon do they act in the third lund? 
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tween them. In Si, the hand and weight also act in con- 
trail directbns, but the hand is between the folcrom and 
the weight; 




4 



Pig. SI. 



II. WHEEL AND AXUC. 



62. The mechanical power next to the lever in simplicity^ 
is the wJieel and axle.* It is^ however, much more complex 
than the lever. It consists of a cylinder B, Fig. 32, which 
revolves about its axis, having a wheel a of larger diameter 
fixed to it. The weight c is suspended by a cord, which is 
wound round the axle. The power, exerted by a man turn- 
ing the crooked arm, or winch, at one extremity of the axle, 
acts on the periphery of the 
wheel. When the machine is 
in operation, the wheel will 
take up, or throw off, as much 
more rope than the axle, as its 
circumference is greater. If 
the circumference of the wheel 
is four times that of the axle, 
then it will take up, or throw 
off, rope four times as fast. 
And because the circumference 
of the wheel is four times as 




Fig. 32. 



62. What is the next ample mechanical power to the lever ? Describe 
this machine. Explain Fi^. 32. When are the power and the weight 
in this machine in equilibnum ? 

* The term axle is employed in aooordance with the name of the mechanical 
powBTf butitiB act a correct term. The word axis, or aadie^ donoUa inmechanlcs^ 
^eetraight Jlne, real or imt^ginaryt about which a \)odv toxna. TVil<& xciMSbSia!^ 
J»twt«4 therefore, be more properly described as cons&stixvg ot a csVmfliec^^XiJkxStt. 
nmuneg apon ita axSa, bAving a wheel of larger dlameUx ftxaA V> \x. 
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great as that of the axle, 1 pound suspended at d wffl balance 
4 pounds suspended at c. Consequently, in tlus machine^ 
the power and the weight are in equuibrium, when the former 
is to the latter as t^e radius of the axle is to that of the wheel. 
This will be made evident by the following considerations. 
When the power has turned the wheel round once, the axle 
has also undergone one revolution. The power has then 
traversed a space indicated by the circumference of the 
wheel, whilst the w^ht has been raised a height equal to 
the perimeter of the axle. Hence it appears that the velo- 
city of the power is to that of the weight as the circumference 
of the wheel is to that of the axle, t. e., as their radii. 

63. The prindple of this machine is that of the lever. 
The definition and illustrations already given of the lever, 
exhibit this machine in its character of a simple bar, which 
is moveable in some part upon a prop 
or fulcrum. In the wheel and axle, 
it will be seen how a lever acts when 
it is moveable on or about a fixed axis. 
When a lever is moveable upon an 
axis, and is capable of being turned 
completely round, it assumes the cha- 
racter of the diameter of a wheel. 
This will be made evident by consi- 
deration of Fig. 33. **This figure 
represents the machine endwise, so as 
to shew in what manner the lever ope- 
rates. The two weights hanging in ^* 3^ 
opposition to each other, the one on the wheel at A, and the 
other on the axle at B, act in the same manner as if they 
were connected by the horizontal lever a b, passing firom 
one to the other, having the common centre c as a &crum 
between them. The wheel and axle therefore acts like a 
constant succession of levers, the long arm beins half the dia- 
meter of the wheel, and the short one half the diameter of the 
axle; the common centre of both being the fidcrum. The 
wheel and axle has therefore been called the perpetual 
lever. 




63. On what principle does this mBA\i\TAMX>^ 'Vok^^S^.^^^^'^^^Q^^ak 
the faleram^ anawhicn the two arma ol ^% \w«t> ^ N^Xa^Sa^ "^^ 
ciuae cmU^q, in reference to the pimov^Y^ ou -ttXi^ki^N^* w^i^'^ 
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' 64. '^ The wheel and axle, under different forms, is applied 
to a variety of common purposes. The capstan^ in universal 

use on board of ships and 
other vessels, is an axle placed 
upright, with a head or drum, 
A, Fig. 34, pierced with holes 
for the levers, b, c, d. The 
weight is drawn by the rope E, 
passing two or three times 
round the axle, to prevent its 
slipping. This is a very power- 
ful and convenient machine. 
Pig. 34. When not in use, the levers 

are taken out of their places and laid aside ; and when great 
force is required, two or three men can push at each lever. 

65. " The common windlass for drawing water is another 
modification of the wheel and axle. The winch, or crank, by 
which it is turned, is moved around by the hand, and there is 
no difference in the principle whether a whole wheel is turn- 
ed or a single spoke. The winch, therefore, answers to the 
wheel, while the rope is taken up, and the weight raised by 
the axle, as already described. 

66. "In cases where great weights are to be raised, and 
it is required that the machine should be as small as possible, 
on account of room, the simple wheel and axle, modified as 




Kg. 35. 
represented by Fig. 35, is sometimes used. The axle may 

64. What is the capstan? Where is it chiefly used? What are the 
peculiar advantages of this form of the -wheel and «x\e? — ^^b. \\i >3aft c^Ksm.- 
moa windlass, what part answers to t\ie -vrtieeV?— ^^.'Ex^^sMv^\^,^^ 
Ji^Jjj' h the rope shortened, and the vre'gHt Ta\aed.? 
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be considered in two parts, one of which is larger than the 
other. The rope is attached by its two ends to the axle, as 
seen in the figure. The weight to be raised is attached to a 
small pulley or wheel, round which the rope passes. The 
elevation of the weight may be thus described: — Upon turn- 
ing the axle, the rope is coiled around the larger part, and 
at the same time it is thrown off the smaller part. At*every 
revolution, therefore, a portion of the rope will be drawn up 
equal to the circumference of the thicker part, and at the 
same time a portion equal to that of the thinner part will be 
let down. On the whole, then, one revolution of the machine 
will shorten the rope where the weight is suspended just as 
much as the difference between the circumference of the two 
parts. 

67. System of wheels, — " As the wheel and axle is only a 
modification oi die simple lever, so a system of wheels acting 
on each other, and transmitting the power to the resistance, 
is only another form of the compound lever. Such a corn- 




Fig. 36. 



bination is shewn at Fig. 36. The first wheel, A, by means 
of the teeth, or cogs around its axle, moves the second wheel, 
B, with a force equal to that of a lever, the long arm of which 
extends from the centre of the wheel and axle to the circum- 
ference of the wheel, where the power, p, is suspended, and 
the short arm firom the same centre to the ends of the cogs. 

57. On yrhaA principle does a syBteni ol -vViwJVa w*.^ *& 't«^t«tss«*»^'^ 
Fig. 36. Expban Fig. 36, and ihow \k07» \ii« v«^« -t SAXxKoa&ssts^^s^ 
the Mction ofltrtn to w« 
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The dotted line, c, passing tlirough the centre of the vheeli 
A, shews tibe position of the lever, as the wheel now standi. 
The centre on which both wheels turn, it will be obvious, is 
the fulcrum of this lever. As the wheel turns, the short arm 
of this lever will act upon the long arm of the next lever bj 
means of the teeth on the circumference of the wheel b, and 
this again through the teeth on the axle of b, will transmit 
its force to the circumference of the wheel D, and so hy the 
short arm of the third lever to the weight w. As the power 
or small weight fiJls, therefore, the resistance, w^, is raised 
with the multiplied force of three levers acting on each other. 

68. "In respect to the force to be gained by such a 
machine, suppose the number of teeth on the axle of the 
wheel A to be six times less than the number of those on the 
circumference of the wheel, b, then b would only turn round 
once, while a turned six times. And in like manner, if the 
number of teeth on the circumference of D be six times greater 
than those on the axle of b, then d would turn once, while 
B turned six times. Thus, six revolutions of A would make 
B revolve once, and six revolutions of b would make d revolve 
once. Therefore, a makes thirty-six revolutions, while D 
makes only one. The diameter of the wheel A being three 
times the diameter of the axle of the wheel d, and its velocity 
of motion being 36 to 1, 3 times 36 will give the weight 
which a power of 1 pound at p would raise at w. Thus, 
36X3=108. One pound at p would therefore balance 108 
pounds at w. 

69. No machine creates force, — " K the student has .at- 
tended closely to what has been said on mechanics, he will 
now be prepared to understand that no machine, however 
simple or complex it may be, can create the least degree of 
force. It is true that one man with a machine may apply a 
force which a hundred coidd not exert with their hands, but 
then it would take him a hundred times as long. Suppose 
there are twenty blocks of stone to be moved a hundred feet ; 
perhaps twenty men, by taking each a block, would move 
them all in a minute. One man, with a capstan, we will sup- 

68. What weight will one pound at P halance at w?— 69. Is thera 

anjr actual power gained hy the use of machinery ? Suppose 20 men to 

move 20 atones to a certain distance 'witkth^ \\v\Aii.^m\A oxatokhXa x&.'vt^ 

tbem back to the same place with a capBtan, "v^f^ -^iAotcbl >tN>A tam 

sctiuU labour P Why? Why, then, is inacbm%rf a touN«B2«ia»ft^ 



WHISEL AND AJ^M, 



43 



pose, may move them all at once ; but this man^ with his leyer, 
would have to make one revolution for every foot he drew 
the whole load towards him, and therefore to make one 
hundred revolutions to perform the whole work. It would 
also tf^e him twenty times as long to do it as it took the 
twenty men. His task, indeed, would be more than twenty 
times harder than that performed by the twenty men, for, in 
addition to moving the stone, he would have tibe Motion of 
the machinery to overcome, which commonly amounts to 
nearly one-thurd of the £)rce employed. Hence there would 
be an actual loss of power by the use of the capstan, though 
it might be a convenience ror the one man to do his work 
by its means, rather than to call in nineteen of his neighbours 
to assist hinu 

ni. THE PULLET. . 

70. The pulley consists of a solid wheel, called a sheave^ 
fixed in a nume-work or hhck^ and turning on its axkf ; a 
groove is formed round its circumference, over which a cord 
may pass. The several parts, taken together, are sometimes 
called the block, sometimes simply the pulley. Pulleys are 
of two kinds, the^ed, and the moveable, llie fixed pulley, 




Pig. 37. 




Pig. 38. 



A 



Fig. 37, revolves about its axis without changmg its place ; 
in this kind of pulley, the power and the weight, or resistance 
to be overcome, are botn implied in directions which are 

70. Of -what pftrts is a pollej composed ? What is the ebarsjctAt <^t 

the fixed pnlley ? In what diMCdona do ^^ ^^«t «A^5Qft^«s5^'M*» 

in the &x9d pnJley ? In what dxrec^on ^o«a ^^ ^«v^\. ^'>=^^'^^;T'r 

mbhpuU0fP State one of the mo^ o\>N\oMa %(iN»5iX*%«k ^"^^ga^SP^'^V^ 



pulley 
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timzentg to the drcumterence of the pnllev. In tiie moveable 
pnlle;, the weight or renstaucc is applied at the centre, or m 
a direction passing tbrough the centre or axis of the pnlle;. 
One of the most obvious advantages of the pnlle; ia, its enabling 
men to exert their own power in places where thev cannot go 
themselves. Thus, hy means of a rope and wheel, a man con 
ftand on the deck of a ship, and hoiat a weight to the top-mast. 

71. "By means of two fixed pulleys, a wright may be 
nuaed upward, while the power movea in a horizontal direc- 
tion. The weight will also nse vertically through the same 
apace that the rope is drawn horizpntalty. Fig. 88 repre- 
sents two fixed pulleys, aa they are arranged tbr such a pur- 
pose. In the erection of a lofty edifice, suppose the uppa 

" to be suspended to some part of the building ; then a 

J lulling at the rope A, would raise the weight, w, 
y, as far as he might go horizontally. 

72. "In the use of the sb^e^ed pulley, there can be no 
mechanical advantage, since the wdght rises as fast aa the 
power descends. This ia obvious by Kg. 89, where it is also 
apparent that the power and weight mtut 
be exactly equal, to balance eadi other. 
In the single moveable pulley. Fig. 39, the 
same rope paasea from the nxed point, a, 
to the power, p. It is evident, here, that 
the weight is supported equally by the 
two parts of the string between which it 
hangs. Therefore, if we call the weight, 
w, ten pounds, five pounds will be sup- 

. ported t>y one atring, and five by the 
other. The power, then, will support 
twice its own weight, so that a person 
, ., ith . " — " 
wjllraise 

nical force, therefore, in respect to the 
power, is as two to one." It will be ob- 
served, by reference to the figure, that the 
TTtoveable pulley, besides its motion round 
its aiis, has also a progressive motion. 

71. Hov mun two fiied pullejs be placed, to mi 
MM hi as the po^er goes honzoDtally P — 72- it there aaj mecnuuau ad- 
TABUKnia the B ted pulley? What «e<gtittAP,¥\g.^,wi]L\'\n^ta»» tan 
jmauS at w? Show how the moveabl* jullaj Ktta \ilia a " 
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The weight, w, hangs from the axis of the pulley, whilst the 
string 'miich passes round it is secured at one end, and is 
acted upon at the other by the power p. Whether the string 
run parallel on each side of the pulley, or the power act 
vertically upward, in either case the pulley acts on the prin- 
ciple of a lever of the third kind, (§ 60,) whose arms are to 
each other, as 1 to 2. To illustrate this identity of action, 
let c a be the axis of the pulley ; then, c is the fulcrum, h the 
point of the lever on which uie weight acts, and a that on 
which the power acts ; therefore the distance, c h^ of the 
weight from the fulcrum is equal to the radius, or 1, and the 
distance, c a, of the power is equal to the diameter, or 2. The 
statical momentum, therefore, requires a force which shall be 
equal to half the weight, or, in other words, the moveable 
pulley effects a saving equal to half the power. 

73. ^^ In the foregoing example, it is supposed there are 
'only twa ropes, each of which bears an equal part of the 
weieht. If uie number of ropes be increased, the weight may 
be mcreased with the same power; or the power may be 
diminished in proportion as the number of ropes is increased. 
In Fig. 40, the number of ropes sustaining the weight is four, 
and therefore, the weight may be four times as ^eat as the 
power. This principle must be evident, since it is plain that 
each rope sustains an eaual part of the weight. Tne weight 
may therefore be considered as divided into four parts, and 
each part sustained by one rope." 

74. A system of pulleys is a number of pulleys, either all 
moveable, or botn moveable and fixed, acting in concert. A 
system of pulleys acts on the same principle as a compound 
lever. But the mechanical efficacy of a system of pulleys is 
derived entirely from the division of the weight among the 
strings employed in suspending it. *^ In Fig. 41, a system of 
pulleys is represented, m which the weight is sixteen times 
the power. The tension of the rope, d, b, is evidently equal 
to the power, p, because it sustains it ; D being a moveable 
pulley, must sustain a weight equal to twice the power ; but 
the weight which it sustains is the tension of the second rope, 



73. Suppose the number of ropes be increased, and the weight in- 
ereased, must the power be increased also ? Sui^v^ti^ V!ca ^«v>goN.^^>%. 
40, to be 82 pounds, what will each ro^\>«M?— I^.^XaXvii^aswi^^'^ 
» Bvttem otpaUejt ? What does the m«cbasi\eal «ffiv«fci ^1 ^ is^t^^sa.^'^ 
pauejs depMid on? 

1> 



p, c. Hence tbe teiuion of the second rope U twice Uwt of 
' the first, and, in like manner, the tennon of tbe third rape it 




Fig. 40. Rg.4I. 

twice that of tbe second, and so on, the weight being eqoal 
to twice the tendon of the last rope, 

75, "Suppose the wdgbt, -w, to be sixteen pounds, then 
the two ropeB, 8 and 8, would siut^ just 8 pounds each, this 
bebg the whole wdght divided equally between them. The 
next two ropes, 4 and 4, would evidmtly sustaio but half this 
whole weight, because the otherhalf isdreadj-suituuedbya 
rope, fixed at its upper end. The next two ropes sustain 
but half of 4, for tbe same reason ; and the next pau-, t and 1, 

76. Eiplun Fig. 41, and >haw «)ut pvi of tbe veigbt each rop* nu- 
fainj^ aod vby } pound at p vill balance 16 pounda at w. Exftlam tha 

ratten vhf each addjtioaa! rope and pullej ii'ill dwiAAa <^ tSiwA. -A tbs 
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for the same reason, will sustain only half of 2. Lastly, the 
power p, will balance two pounds, because it sustains but hdf 
this weight, the other half being sustained by the same rope, 
fixed at its upper end. It is evident that in this system each 
rope and pulley which is added will double the effect of the 
whole. Thua^ by adding another rope and pulley beyond 
eight, the weight w might be 32 pounds, instead of 16, and 
stiU be balanced by the same power. 

76. ^*In our calculations of the effects of pulleys, we have 
allowed nothing for the weight of the pulleys themselves, or 
for the friction of the ropes. In practice, however, it will be 
found, that nearly one-third must be allowed for friction, and 
that the power, tnerefore, to actually raise the weight, must 
be about one-third greater than has been allowed. 

IV. THE INCLINED PLANE. 

77. '^The fourth simple mechanical power is the inclined 
plane. This power consists of a plain smooth surface, which 




Fig. 42. 



is inclined towards or from the eartn. It is represented by 
Fig. 42, where from A to b is the inclined plane; the line 
from D to A is it^ height^ and that from b to D its base. A 
board, with one end on the ground, and the other end rest- 
ing on a block, becomes an inclined plane. This machine, 
bemg both useful and easily constructed, is in very seneral 
use, especially where heavy bodies are to be raised only to a 
small hei^t. Thus, a man, by means of an inclined plane, 
which he can readily construct with a board, or couple of 
bars, can raise a load into his wagon which ten men could 
not lift with their hands. 

76. In eompoond machines, how m\xb\i ol >3&a YSNn«tTDSQa^.\)%^^^s«^^ 
for the friction ?— 77. W bnt ie an Vxic\va%^ ^\mv^^ <^ ^'^^ ^*T*?SS; 
iM tbiB powar chiefly used ? Supwwe •^i«M»x^%xi\*N*i\«*^^^?»^;^^ 
into biM wagon, how does he inie na VwjVm^A. ^\»x» 
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78. "The power required to force a given weight iip an 
inclined plane is in a certain proportion to its height, and the 
length ot its base, or, in other words, the fo^ce must be in 
proportion to the rapidity of its incUnation. The power P, 
Fi^. 43, pulling a weight up the inclined plane from c to D, 
onT^ raises it m a perpendicular direction fk)m e to i>, by 
actmg along the whole length of the plane. If the plane be 
twice as long as it is high, that is, if the line from c to i> be 
double the ^ngth of tlmt from e to d, then one pound at p 
will balance two pounds any where between d and C. It is 




Fig. 43. 

evident, by a glance at this figure, that were the base, that 
is, the line from £ to c, lengthened, the height from e to D 
being the same, a less power at p would balance an equal 
wei^t any where on the inclined plane ; and so, on the con- 
trary, were the base made shorter, that is, the plane more 
steep, the power must be increased in proportion. 

79. "Suppose two inclined planes, Fig. 44, of the same 
height, with bases of dijQferent lengths ; then the weight and 




Fig. 44. 



power will be to each other as the length of the planes. If 
the length from a to B is two feet, and that from b to c one 



7& To roU a |fiven weight up an inclined plane, to what must the force 
Jbe proportioned P Explain Fig. 43.-79. \i theUtvg^^v ol >^v«k\au^ ^\w»^ 
.^. 44, be double that of the short oxie,^hat mu&X.\» \^^ yto'^i^Amk. 
between the power juid the weight? 
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foot, then two pounds at D will balance four pounds at w, and 
so in this proportion, whether the planes be longer or shorter. 
80. "The "^same principle, with respect to the vertical 
velocities of the weight and power, applies to the inclined 
plane, in common with the other mechanical powers. Sup- 
pose the inclined plane. Fig. 45, to be two feet from a to b, 
and one foot from c to b, tnen, as we have already seen by 
Fig. 43, a power of one pound at p would balance a' weight 
of two pounds at w. Now, in the fall of the power to draw 
up the weight, it is obvious that its vertical descent must be 
just twice the vertical ascent of the weight; for the power 
must fall down the distance from A to B to draw the weight 
that distance; but the vertical height to which the weight w 
is raised, is only from c to B. Thus, the power, being two 
pounds, must fall two feet to raise the weight, four pounds, 




I1g.45. 



one foot; and thus the power and weight, multiplied by the 
several velocities, are equal. 

81. "When the power of an inclined plane is considered 
as a machine, it must therefore be estimated by the propor- 
tion which the length bears to the height; the power being 
increased in proportion as the elevation of the plane is di- 
minished. Hilly roads maybe regarded as inclined planes, and 
loads drawn upon them in carriages, considered in reference 
to the powers which impel them, and subject to all the con- 
ditions which we have stated, with respect to inclined planes. 
The power required to draw a load up a hill, is in proportion 
to the length and elevation of the inclmed plane. On a road, 
perfectly horizontal, if the power is sufficient to overcome 
the friction, and the resistance of the atmosphere, the carri- 

80. What is said of the application oi \i\i«\ai^ o\^weCvc»5L^^ws«wwwN» 
the inelhied plane ? Explain Fig. 45, and %\ion« ^\s^ ^^ -^^^t. 'ws^isfi'* 

All twice «« &r aa the weight naes ^ft\ . 'ftov mx»X^^ ^^^^^ ^^^ 

cUaed plane be estimated ? lUxuttate tt»i» V\t\i x<JL««dsa V> xa^vi ^««^ 
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a^ vill more. But if (be road rise one foot in fifteen, be- 
sides tbese impedimenta, tlie moving pover will have to lift 
one fifteenth part of the load. If two roads rise, one at the 
rate of a foot in fifteen feet, and another at the rate of a foot 
in twenty, then the same power that wouhl move a given 
woght fifteen feet on the one, would move it twenty feet on 
the other, in the same time. In the building of roads, there- 
fore, both speed and power are ver^r often sacrificed to want 
of judgment, or ignorance of these laws. A road, aa everjr 
ttaveller knows, is often continued directly over a hill, when 
half the power, with the increase of speed, on a level road 
around it, vrould giun the same distance in half the time. 

V. TB^ WBDOE. 

83. "Hie next simple mechanical power is (he vialge. 
This instrument may be considered as two inclined planes, 
placed base to base. It is much employed for the purpose of 
splitting or dividingeolid bodies, such as wood and stone. 
£lg. 46 represents such a wedge as is 
usually employed in deavbg timber. 
This instrument is also used m raising 
ships, and preparing them to launch, and 
for a variety of other purposes. Nuls, 
Hwls, needles, and many cutting instm- 
ments, act on the prindple of this ma- 
chine. There is much diffioulty in esti- 
madng the power of the wedge, aincv 
this depends on the force or the nnmber 
of blows ^ven it, together with the obli~ 
quity of Its sides. A wedge of great obli- 
Kg. 46. qnity would require hard blows to drive 

it fbrward, fbrthe same reason that a plane much inclined 
requires much force to roll a heavy body up it. But were 
the obliquity of tbe wedge, and the force of each blow, given, 
still it would be difficult to sscertwn the exact power of the 
wedge in ordinary cases, for, in the splitting of timber and 
Stone, for instance, the dirided parts act as levers, and thus 
grently increase the power of tbe wedge. Thus, in a log of 
wood six feet long, when split one half of its length, tbe oQier 

SS Cfa wAatpriDeipIadosithencdgeMt? Iiiii^^cwwu'^^f««« 
amfiil? Wiat common iiutnunants act on tin piiDcif\B lA 1^ -«tAt,« t 
Wist diScal^ If liian ia octinuting th* poi^n ot ikw waA|^l 
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half is divided 'with ease, because the two parts act as levers, 
the lengths of which constantlj increase as the deft extends 
from the wedge. 

TI. THB SGRBW. 

83. The screw is the oxth and last 8im(>le mechanical 
power. It may be conadered as a modification of the in- 
clined plane, or as a winding wedge. It is, in fiict, an inclined • 

plane running spirally round a 
^ Fig. 47. spindle; or it may be described, in 

other words, as formed by win(Hng 
a right-angled triangle about a 
cylinder, so that the longer of the 
two sides containing the right an^le 
shall be perpendicmar to Uie cylm- 
der, as will be seen in Fig. 47. 
Suppose A to be a piece of paper 
eat into the form of an inclined 
plane, or of a right-angled triangle, and rdled round the cy- 
linder of wood D, the edge of the foitner figure, or the hypo- 
thenuse of the latter, would form the spiral line, called the 
thread or worm of the screw. Every port of this line which 
passes once round the periphery of the cylinder, is called a 
spire of the thread or worm, and each such part requires an 
eaual portion of the inclined plane or triangle. The distance 
of one spire from the next coincides with the height of the 
corresponding portions of the plane or triangle, and is called 
the breadth of the screw. If the finger be placed between 
two spires of a screw, and the screw be turned round once, 
the finger will be raised upward to a distance equal to that 
of the two spires apart. In this manner, the finger is raised 
up the inclined plane as it runs round the cylinder. 

84. When tbe screw line consists of one continuous ele- 

83. On -wbat principle does the bcww act ? How is it shown that tbe 
•crew is a modification of the inclined plane, and of a rightrangled 
trianffle? Explain Fig. 47. What is meant by the thread, the spire, 
aud Uie breadth of the screw ? — 84. What is meant by a male, and what 
by a female screw ? By what other name is the latter designated ? 
Explain Fig. 48. Which is the screw, and which the nut? Which 
■way most the screw be turned to make it advance throng the xsss^^ 
How does the screw, Fig. 48, d\ff« Itom ¥\%. ^^"^ ^J^ ^'^ >«««* ^^^^ 
nsed as a simple machine ? By ^\iaX o^uV«t «m'^'^ ys^« '^V^^'^^ST^ 
WbMt two simple mechanical ^o^ex* ai* coixwrasA. vs*. "^^^ ^^^^ 
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Tation, aa above described, the cylinder forms a male terete. 
But its power may be trauMmtted and employed br means of 
another screw, having a spiral eroove running throngti it, 
which exactly fits the thread of t£e former ; this is called the 
nut or female screw. The combbation of these two parts 
constitutes the mechanical power known as the screw. If 
the nut is fixed, the (mole) screw, on being tnmed round, 
advances forward ; but if the (male) screw is fixed, tbe nut, 
when turned, advaucea along its thread. Fig. 48 represents 
tbe former kind of screw, being such as is conunonl; used in 
pres^g paper, and other substances. The nut m, through 
- '" hUief . . . ,. , . - 






also for one of the fa 




the press. If the screw be turned to the right, it will advaoca 
downwards, while the nut stands still. A screw of the second 
kind is represented by Fig. 49. In this, the screw is fixed, 
while the nut, s, by being turned by the lever, i., from right 
to left, will advance down tbe screw. In practice, the screw 
is never used as a ^mple mechanical machine; the power 
being always applied bv means of a lever, passing through the 
head of the screw, as a Elg. 48, or into the nut, as in Fig. 49. 
The screw, therefore, acts with the combined power of the 
inclined plane and the lever, and its force is such as to be 
limited only by the strength of the materials of which it is 
made. In investigating the eflects of this machine, we 
must, Cherefyre, take into account botVi these simple me- 
cbanical powers, so that the acrevf now Vmubes x«d.\>| « 
eoapound engine. 
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86. "In tlie inclined plaae, wa hsTe already ceen, that 
tlie legg it ]» inclined, the more eas; is the ascent up it. In 
appljing the same principle to the screw, it is obvious that 
tbc greyer the distance of the threads from each other, the 
more rapid the inclination, and, consequently, the greater 
must be the fKurer to turn it, under a given weight. On the 
conlrary, if the thread incline downwards but slightly, it 
irill turn with less power, for the same reason that a man 
can roll a heavy weight up a plane but little inclined. There- 
fore, the finer the screw, or the nearer the threads to each 
other, the greater vrill be the pressure under a given power. 
Let OS suppose two screws, the one having the threads one 
inch apart, and the other half an inch apart; then the force 
which the first screw will give with the same power at the 
lever will be only half that given by the second. The second 
screw most be turned twice as many tomes round as the first, 
to go tbrough the same space ; but what is lost in velodtj is 
gained in power. At the lever of the first, two men would 
raise a given weight to a given height by making one revoln- 
Uon ; while at the lever of the second, one man would raise the 
same weight to the same height, by making two revolutions. 

86. "Perpetual screto. — -llie force of the screw is some- 
times employed to turn a wheel, by acting on its teeth. In 

this case It is called the perpel- nri ., i : ■ , !; ; j y 

ual screur. Fig. 60 represents '-' 

such a machine. It is apparent, 

that by turning the crank c, the 

wheel will revolve, for the 

thread of the 

between the cogs of the wheeL 

By means of an axle, throuzh 

the centre of this wheel, like 

the common wheel and axle, 

this becomes an exceedingly 

powerful machine, but, like all 

other contrivances forobtaining "^ 

great power, its effective mo- ^ *"■ 




WbMt U tin objMl of this inaoUns toi niu&i -ii<iLi\i!ut . 
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tages, and particularly the great friction between tihe tbread 
of the screw and the teeth of the wheel, which prcTents it 
from beins generally employed to raise weights. 

87. "ifo the mechanical powers resolved into three. — ^We 
have now enumerated and described all the mechanical 
powers usually denominated simple. They are six in number, 
namely, the Lever, Wheel and Axle, Pulley, Wedge, Inclined 
Plane, and Screw. In respect to the principle on which they 
act, they may be resolved into three simple powers, namely, 
the lever, the inclined plane, and the pulley; for it has be^ 
shown that the wheel and axle is only another form of the 
lever, and that the screw is but a modification of Uie inclined 
plane." The principles developed by the mechanical powers 
are reduced by Peschel to a still greater simplicity. It wiH 
be found, he says, that all the laws which reguIatQ equilibrimii 
in each, either depend immediately cm those which are 
established with regard to the lever, or may be deduced from 
the principal laws of motive pow«^. The lever may, there- 
fore, be regarded as the fundamental machine; and as all 
compound machines are merely constructions of the simple 
ones, it follows that the lever furnishes the fundamental lato 
for the entire theory of machinery, 

88. " Use of machinery, — ^Notwithstanding the vast deal 
of time and ingenuity which men have spent on the construc- 
tion of machinery, and in attempting to multiply their powers, 
there has, as yet, been none produced, in which the power 
was not obtained at the expense of velocity, or velocity at the 
expense of power ; and, therefore, no actual force is ever 
generated by machinery. Suppose a man able to raise a 
weight by means of a compound pulley often ropes, which it 
would take ten men to raise, by one rope without pulleys. 
If the weight is to be raised a yard, the ten men by pulling 
their rope a yard will do the work. But the man with die 
pulleys must draw his rope ten yards to raise the weight one 
yard, and in addition to this, he has to overcome the friction 
of the ten pulleys, making about one- third more actual labour 
than was employed by the ten men. 



87. How may all the mechanical powers be resolved into three simple 
' powers? — 88, Is any actual force ^nerated by machinery ? Can great 
velocity and great force be produced by the same mac^nner^? "NN\w iwj\? 
WA/cIi perform the greater iaboar, ten men who Wit a vjevgViV. ^Vti^«w 
^uiads, or one msua. wio does the same with ten ]pul\e^»? v{\i^ V 
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89. ''But notwitiistanding tbese inconv^iences, the use 
of maclunery is of vast importance to the world. 1. On 
board of a ship, a few men will raise an anchor with a cap- 
stan, which it would take ten or twenty times the same num- 
ber to raise without it, and thus the expense of shipping men 
expressly for this purpose is saved. 2, One man with a 
lever may move a stone which it would take twenty men to 
move without it, and though it should take him twenty times 
as long, he would still be Uie gainer, since it would be more 
<ionvenient, and less expensive, for him to do the yrork him- 
^If, than to employ twenty others to do it fi>r him. 8. When 
men employ the natural elements as a power to overcome 
resistance oy means of machinery, there is a vast saving of 
tfnimal labour. Thus mills, and all kinds of engines, which 
are kept iu motion by the power of wliter, or wind, or steam, 
save animal l&bour equal to the power it takes to keep them 
in motion." 



CHAP. m. 



OF HYDROSTATICS. 



90. Hydrostatics is that branch of mechanics which treaf s 
of the weight, pressure, and equilibrium of fluids, when in a 
state of rest; and of these properties of solids, when immersed 
in fluids. A fluid is a collection of material particles, which 
are easily moved among themselves. The flmds which nature 
presents to us, approach more or less to this condition, and 
they are commonly distinguished into the elastic, and* the 
inelastic. 1. Elastic fluids are those which are capable of 
being compressed into a smaller bulk, and of recovermg their 
dimensions when the compressing force is removed ; of this 
kind are atmospheric air and all the gases. Some gases may 

89. Enumerate some important uses of machinery. — 90. What branch 
of mechanics is denoted b^ the term Hydrostatics ? Define a fluid. Into 
what two classee are flmds distinguished ? What is an elastic fluid ? 
"What fluids come under this denomination? Give an instance of a ^a 
capable of assnming the liquid, and eveu t\i« w>YA \Q»Tt!Ck. Yi.v« ^<^ ^"^^ 
pours differ from *& and gases ? What \k>^\«* »to ^\s«»S\^ ^^-o^^srs^ 
meUatie ? 
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be compressed to such an extent, as to assume the form of 
liquids and solids: that is, from the condition of being in- 
visible, they may be rendered perceptible to the eye, and 
appreciable by the touch, as in the case of carbonic acid gas. 
Vapours differ from air and the gases, by losing the form of 
elastic fluids and returning to the state of liquids, when com- 
pressed to a certain degree, or when their temperature is suf* 
nciently reduced. This remark must, however, be made with 
certain restrictions, several of the gases having been condensed 
into liquids by Mr Faraday, under pressures varying from two 
to fifry atmospheres, and at temperatures ranging from 45^ to 
60*'. 2. Inelastic fluids are those formerly supposed to be 
incompressible, and among these were ranged water, mer- 
cury, alcohol, and liquids generally. But the term is incor- 
rect: the phenomenon of the transmission of sound through 
water and other liquids, had long ago indicated that they were 
capable of being compressed. ' 

EQUAL PRESSUBE OF WATER. 

91. "The particles of water, and other fluids, when con- 
fined, press on the vessel which confines them, in all direc- 
tions, both upwards, downwards, and sidewa3rs. From this 
property of fluids, together with their weight, or gravity, 
very imexpected and surprising eflects are produced. The 
eflect of this property, which we shall first examine, is, that 
a quantity of water, however small, will balance another 

quantity however large. Fig. 61 represents 
a common coflee-pot, supposed to be filled 
up to the dotted line a, with a decoction of 
cofiee, or any other liquid. The coflfee, we 
know, stands exactly at the same height, 
both in the body of the pot, and in its 
_ spout. Therefore, the small quantity in the 

pjg 51^ ^ spout balances the large quantity in the 
pot, or presses with the same force down- 
wards, as that in the body of the pot presses upwards. Thb 
is obviously true, otherwise the large quantity would sink 
below the dotted line, while that in the spout would rise 
above it, and run over. 

w -- 

PI. When water is confined^ in what direction does it T)re8S? How 
<3foe» the experiment with the coffee-pot Bhov OoaX «k «mu\. ojiiAntlty of 
liquid will oaiaace a large one ? 
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92. " The taxaa principle is more strikingly Muatrated by 
Fig. 62. Suppose the cistern a to be capable of holding 
one hundred pilous, and into ils bottom c 
tbere be fitted the tube B, bent, as seen in 
the figure, and capable of containing one -^ 
gallon. The top of the dgteru, and that 
of the tube, being open, pour water into 
the tube at C, and it will rise up through 
the perpendicular bend into the dstern, 
und if tne proceea be continued, the ds- 
tem will be filled by pouring water into 
the tube. Now, it is plain, that the gallon 
of water in the tube presses agiunst the 

hundred gallone in the cistern, with a force - -s 

equal to the pressure of the hundred gallons, otherwise thai 
in the tube would be forced upwards higher than that in tlie 
cistern, whereas we find that the snrtaces of both stand 
exactly at the e&me height. 

93. "From these experiments we learn, ^thal thepreasurt 
of a fluid ig Twt in proportion to it» quantity, but to its keighl, 
and that a large quantity of water, in an open vestel, presse* 

down with no more force than a smoM 

quantity ^ the tame height.' 

94. ■'Thus far we have considered the 
flmd as acting only in vessels with open 
mouths, and therefore at liberty to seek 
its bahiDce, or equilibrium, by its own 
gravity. Its pressure, we have seen, is 
in proportion to its height, and not to its ] 
bulk. Now, by other experiments, it is 
ascertained, that the pressure of a liquid 
u IN proportion to its height, and its area 
at the base. Suppose a vessel, ten feet 
bigh, and two feet in diameter, such a: 
represented at a. Fig. &3, to be filled | 
with water; there would be 
amount of pressure, say at c 



l& 






I iti lieijbt, or il» aoantitj ? Wq-h '« » wi.ii. -iMaSK^ »^ 
■ pTMnir* 1> M (mt ih 1> M ■>» Q- 
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bottom. Let d represent another vessel, of the same dia- 
meter at the bottom, but only a foot high, and closed at the 
top. Kow, if a small tube, say the foprth of an inch in dia- 
meter, be inserted into the cover of the vessel D, and this 
tube be carried to the height of the vessel A, and then the 
vessel and tube be filled mih water, the pressure on the 
bottoms and sides of both vessels to the same height will be 
equal, and jets of water starting fi'om j> and c, wiH have ex- 
actly the same force. This might at first seem improbable, 
but to convince ourselves of its truth, we have only to con- 
sider, that any impression made on one portion of the con- 
fined fluid in the vessel D, is instantly communicate to the 
whole mass. Therefore, the water in the tube b presses with 
the same force on every other portion of the water in d, as 
it does on that small portion over which it stands. 

95. **This principle is illustrated in a very striking man- 
ner, by the experiment, which has often been made, of burst- 
ing the strongest wine-cask with a few oimces of water. 
1. JLet A, Fig. 54, be a strong cask, already 
filled with water, and suppose the tube b, thirty 
feet high, to be screwcKl, water tight, into its 
head. When water is poured into the tube, so 
as to fill it gradually, the cask will show in- 
creasing signs of pressure, by emitting the water 
through the pores of the wood, and between the 
joints; and, finally, as the tube is filled, the 
cask will burst asunder. 2. The same appa- 
ratus will serve to illustrate the upward pressure 
of water; for if a small stop-cock be fitted to the 
upper head, on turning this, when the tube is 
filled, a jet of water will spirt up with a force, 
and to a height, that will astonish all who never 
1^ before saw such an experiment. 3. In theory, 
the water will spout to the same height with 

_ that which gives the pressure, but in practice, 

"*^^ it is found to fall short, in the following propor- 
Fig. 54. ^jjjjjg. j£ ^jjg ^^Y)e be twenty feet high, and the 

crifice for the jet half an inch in diameter, the water will 



\j 




95. How ig the same principle illustrated by Fig. 54? How is the 
apward pressure of water illustrated by the same apparatus ? Under the 
pressure of a column of water twenty feet high, wn&t 'snW. \>« ^%'Wm^ 
of the jet? Under a pressure of a hunted Mat, Yio^ -^tWX \t tua^ 
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rit neariy nineteen feet. If the tube be 6&y feet high, 
jet will rise upwards 'of fiDTty feet; widif a hundred fe, 
it will rise above eighty feet. It in understood, in every case, 
tliat the tubes are to ba kept full of water. The height of 
these jets shows the astonishing effects that a small quandty 
of fluid produces when pressing from a perpendicular ele- 

06. " Hydrostatic preit. — Tliis propwty of nater was s.p- 
plied by Mr Broinah to the construction of bis hydrostatic 
press. But instead of a high tube of water, wluch in 
most cases ooald not be so readily obtained, he substituted 
a strong forcing pump, and , 

inBt««d of the leather bel- 
lows, a metallic pump-barrel 
Mid [riston. 1, This arrange- J 
ment will be understood oy^* 
F^. 65, where tbe piunp-bar- 
re^ A, B, ia represented as di- 
vitled lengthwise, io order to 
ahow the inside. The piston, 
c, is fitted so accarUely to 
the barrel, as to work up and 
down water-tight; both bar- 
ret and piston being made of iron The thmg to be broken, 
or pressed, is laid on the Sat sur&ce, i, there bemg above 
this a strong frame to meet the pressure, not shown in the 
figure. The small forcing pump, of which d is the piston, 
and H the lever by which it is worked, is also made of iron. 
3. Now, suppose tbe space between the small piston 
and the large one, at v, to be filled with water, then, on 
forcing down the small piston, d, there will be a pressure 
against the lat^ piston, c, the whole force of which will be 
in proportion as the aperture in which c works, is greater 
than that in which d works. If the piston, s, is halfui inch 
in diameter, and tJie piston, c, one foot in diameter, then the 
pressure on c will be 676 times greater than ^at on D. 

96. ExpUin Fig. Ba. Wtun is thapiifara? Whiuli ii ths porap- 
btml, in whieh it worki ? In tha hjilKiiUitio piw, what ii tha pro- 
portioD iHGweva tha prwnm sivfln bj tfa« imall piatoQ, iind tbe fom 
•»tM on tht Urga onaP wW ii tlia utimBted forca which & nun. 
ctrald giia by maaiu of ona of Ihoa mipnm? V^ ftifc -^(twEsa*. A '>^S^^ 

Ati.Ua fona tnuuDuUad to the oUiw ¥>«o» ** ^'^^ ^«*.\b. «asMWR"« 
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Therefore, if ve suppose the pressure of the small pifton to 

be one ton, the targe piston will be forced up against any 
reustance with a preBSure equal to tlie weight of 576 tons. 
It would be easy lor a singjle man to give the pressure of a 
ton at D, by means of tiie lever, and, therefore, a man, with 
this engine, would be able to exert a ibrce equal to the 
weight of near 600 tons. 3. It is evident, that the force to 
be obtuned by this pnnciple, can only be limited by the 
strength of the matenals of which the engine is made. Thns, 
if a pressure of two tona be given to a piston, the diameter of 
which is only a quarter of an inch, the force transmitted to 
the other piston, if three feet in diameter, would be upwards 
of 40,000 tons ; but au:^ a force is much too great for the 
strength of any material with whidi we are acquainted. 4. 
A SBtall quantity of water, extending to a great elevatjon, 
would give the pressure above described, it being only for 
the sake of conTenience that the forcing pump is employed, 
instead of a column of water. 

97. "There is no doubt, but in the operadons of nature, 
greAt effects are sometimes produced among mountuns, by 
a small quantity of water finding its way to a reservoir in the 
crevices of the rocks &r beneath. Suppose, in the interior of 




Fig. 56. 
a mountain, Fi^. 56, there should be a space of ten yards- 

._ J -J, m^ deep, filled with wat«r, and dosed up on 

1 suppose that, in the course of time, a small 

fissure, n 



i sides; and suppose that, in the c 

« Uian an inch in diameter, shonld be opened 
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by the water, from the height of two hundred feet above, 
down to this little reservoir. The consequence might be, 
that the side of the mountain would burst asunder, for the 
pressure, imder the circumstances supposed, would be equal 
to the weight of five thousand tons. 

98. Water level. — " We have seen that in whatever situa- 
tion water is placed, it always tends to seek a level. Thus, if 
several vessels, communicating with each other, be filled with 
water, the fluid will be at me same height in all, and the 
level will be indicated by a straight line drawn through all 
the vessels. It is on the prindple of this tendency that the 
little instrument called the water level has been constructed. 

Fig. 57. 





The form of this instrument is represented by Fi^. 57. It 
consists of a tube, a, b, with its two ends turned at right 
angles, and left open. Into one of the ends is poured water 
or mercury, imtil the fluid rises a little in the angles of the 
tube. On the surface of the fluid at each end are then 
placed small floats, carrying upright fi-ames, aeross which 
are drawn small wires or hairs, as seen at c and d. These 
hairs are called the sights, and are across the line of the tube. 
It is obvious that this instrument will always indicate a level 
when the floats are at the same height in respect to each 
other, and not in respect to their comparative heights in the 
ends of the tube, for iS one end of the instrument be held lower 
than the other, still the floats must always be at the same 
height. To use this level, therefore, we have only to bring 
the two sights so that one will range with the other ; and on 
placing the eye at c, and lookin? towards D, this is deter- 
mined in a moment. This level is indispensable in the con- 
struction of canals and aqueducts, since the engineer depends 
entirely on it to ascertain whether the water can be carried 
over a given hill or mountain. 

98. On what principle ia the water level constructed? Describe the 
manner in whicn the level with »ight$ is used, axxd t»^<^ T»»sua>vi. ^^f^^ 
the floats wzli always be at the same Yivv^V^ N^\ai(. S&'i^^ x^sa "^^ *^^Q» 
UveJP ^ 
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99. ^^The oommon spirit level coiudsts of a glass tube. 
Fig. 68, filled with spirit of wine, excepting a small space 
in which there is left a bubble of air. This bubble, when the 

instrument is laid on a level 
sur&ce, will be exactly in the 
^ middle of the tube, and there- 

*^^- "^**- fore to adjust a level, it is only 

necessary to bring the bubble to this position. The gla^ 
tube is enclosed in a brass case, which is cut out on the upper 
side, so that the bubble may be seen, as represented in the 
figure. This instrument is employed by builders to level thdr 
work, and is highly convenient for that purpose, since it is 
only necessary to lay it on a beam to try its level. 

SPECIFIC GRAVITy. 

100. "If a tumbler be filled with water to the brim, and 
an egg, or any other heavy solid, be dropped into it, a quan- 
tity of the fluid, exactly equal to the size of the egg, or other 
solid, will be displaced, and will flow over the side of the 
vessel. Bodies which sink in water, therefore, displace a 
quantity of the fluid equal to their own bulks. Now, it is 
round, by experiment, that when any solid substance sinks in 
water, it loses, while in the fluid, a portion of its weight, just 
equal to the weight of the bulk of water which it displaices. 
This is readily made evident by experiment. Take a piece 

of ivory, or any other sub- 
stance Uiat will sink in water, 
and weigh it accui*ately in 
the ususi manner; then sns^ 
pend it by a thread, or haiv, 
m the empty cup A, Fig. 59, 
and then bmance it, as shown 
in the figure. Now pour 
water into the cup, and it 
will be found that the sus- 
pended body will lose a part 
of its weight, so that a certain 
number of grains must be taken firom the opposite scale, in 
order to make the scales balance as before the water was 




99. Describe the common spirit level, and the method of using it. — 
JOO. When « aolid ia weicrhed in watei, vrhy doe« \^ Vom Vk^vxt of iti 
weigbtP 
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poured in. The number of grains taken from the opposite 
scale is just the weight of a quantity of water equal to the 
bulk of the body so suspended. 

101. *^It is on the principle that bodies wei^h less in the 
water than they do when weighed out of it, or m the air, that 
water becomes the means of ascertaining their specific gravi- 
ties, for'it is by comparing the weight of a body in the water, 
with what it weighs out of it, that its roecific gravity is deter- 
mined. Thus, suppose a cubic inch of gold weighs nineteen 
ounces, and on being weighed in water, weighs only eighteen 
ounces, or loses a nineteenth part of its weight, it will prove 
that gold, bulk for bulk, is nineteen times heavier than water, 
and thus nineteen would be the specific gravity of gold. 
And so if a cube of copper weigh nine oimces in the air, and 
only eight ounces in the water, then copper, bulk for bulk, is 
nine times as heavy as water, and therefore has a specific 
gravity of nine. Kthe body weigh less, bulk for bulk, than 
water, it is obvious that it will not sink in it, and therefore 
weights must be added to the lighter body to ascertain how 
much less it weighs than water. The specific gravity of a 
body, then, is merely its weight, compared with the same 
bulk of water; and water is thus made the standard by which 
the weights of all other bodies are compared. 

THE SYPHON. 

• 

102. *^ Take a tube, bent like the letter U, and having filled 
it with water, place a finger on each 
end, and in this state plunge one of the 
ends into a vessel of water, so that the 
end in the water shall be a little the 
higher, then remove the fingers, and 
the liquid will flow out, and continue 
to do so, until the vessel is exhausted. 
A tube actins in this manner, is called 
a syphon, and is represented by ilg. 
60. The reason wny the water flows 
from the end of the tube A, and, 
consequently, ascends through the ^ Fig. 60. 

101. How much less will a cubic inch of any substance wei^h in water 
than in air? How is it proved, by Fig. 59, that a body weighs less in 
water than in air P What is the speciftQ C^'^t^j <^t «» \s^^^— >y^.'Vc. 
what manner if a syphon made? iSiX^\bau ^ift T«8*axv "'«re^'<ic«k ^^^st 
MMcendM tiuough one leg of the ay^\iOik^ vn^ d«w«a^^Cc£raN^*^^ «j^wt. 




6:1: THE STPHON. 

other part, is, that there is a greater weight of the fluid from 
B to A, than from c to b, bemuse the perp^idicular height 
from B to A is the greater. The weigbt of the wateap fi^m 
B to A falling downwards, by its gravity, tends to form a 
vacuum, or void space, in that leg of the tube, but the pres- 
sure of the atmosphere on the water in the vessel, constantly 
forces the fluid up the other leg of the tube, to fill the void 
space, and thus the stream is continued so long as any water 
remains in the vessel." 

103. From this account it is evident that the uninterrupted 
flow is owing to the imequal pressure of the columns of liquid 
in the two Tegs of the syphon. In both legs the upward 
pressure of the atmosphere is equaUy exerted: in the im- 
mersed leg, the pressure is transmitted by the liquid m the 
vessel; in the otner leg, it acts immediat^y at the aperture. 
T\ns pressure of the air is, in both cases, opposed by the weight 
of the liquid, and as the columns of liquid are of unequal 
length, the greater force of gravity of the larger column 
determines the pressure, that is, the flow of the liquid in this 
direction. The influence of the atmosphere, in produdng this 
phenomenon, may be ascertained by inserting a syphon air- 
tight into one of the openisigs of a double-mouthed bottle; 
so long as the other mouth remains open, the liquid vnll con- 
tinue to flow; but, if this mouth be closed with a cork, the 
liquid will cease to escape. If the experiment be made under 
the receiver of an air-pump, the flow will cease when the air 
has been rarefied to a certain extent. 

104. ''^Intermitting springs. — ^The action of the syphon 
depends upon the same principle as the action of the pump, 
namely, the pressure of the atmosphere, and therefore its 
explanation properly belongs to Pneumatics. It is introduced 

' here merely for the purpose of illustrating the phenomena of 
intermitting springs; a subject which properly belongs to 
Pneumatics. Some springs, situated on the sides of moun- 
tains, flow for a while with great violence, and then cease 
entirely; after a time, they begin to flow again, and then 
suddenly stop, as before. These are called intermitting 
springs, and they owe their peculiarities to nothing more than 

103. Prove that the action of the syphon depends on atmoapherie 
preBSwre. What is an intermittent spring? — 104. How is the phenom»- 
noD of the intermittent spring explained? l^xplam ¥\%.^\^asA i^«<«i 
tlf0 reason why such a spring will flow and OMse •bLXenuttoVf. 



natural syphons, existing in the mounbuiu &om whence the 
water flows. Fig. 61 ia the section of a 




from it, in the fonn of the Byphou 
the rills F, B, Ming the hoUow up t( 
discharge itself through the syphon, 
til the water is exhausted down to the leg of the syphon b, 
when it will cease. Hien the water from the rills coatinaing 
to run nntil the hollow is ag^a filled up to the same line, 
the syphon again begins to act, and agun discharges the 
contents of tlie reservoir as before; and thus the spring p, 
at one moment flows with great violence, tuid the next mo- 
ment ceases entirely. The hollow above the line a d, is 
EDpposed not to be filled with the water at all, since the 
syphon begins to act whenever the fluid rises up to the bend 
D. Dnring the dry seasons of the year, it is obvioub that 
such a spring would cease to flow entirely, and would begin 
again only when the w^er &om the mountain filled the cavity 
t&ongh the rills." 
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OF HYDRAULICS. 



105. " It has been stated, (§ 90,) that Hydrostatics is that 
branch of Natural Philosophy which treats of the weight, 
pressure, and equilibrium of fluids ; Hydraulics has for its 
object the investigation of the laws wmch regulate fluids in 
motion. If the pupil has learned the principles on which the 
pressure and e(juilibrium of fluids depend, as explained under 
the former article, he will now be prepared to understand 
the laws which govern fluids when in motion. The pressure 
of water, downwards, is exactly in the same proportion to its 
height, as is the pressure of solids in the same direction. 
Suppose a vessel of three inches in diameter has a billet of 
wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh 
nine poimds; then the pressure on the bottom of the vess^ 
will be nine poimds. If another billet of wood be set on this, 
of the same dimensions, it will press on its top with the weight 
of nine pounds, and the pressure at the bottom will be 18 
pounds, and if another billet be set on this, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
height the column is carried. 

106. ** Now, the pressure of fluids is exactly in the same 
proportion ; and when confined in pipes, may be considered 
as one short column set on another, each of which increases 
the pressure of the lowest in proportion to its number and 
heisht. Thus, notwithstanding the lateral pressure of fluids, 
their downward pressure is as their heights. This fact will 
be found of importance in the investigation of the principles 
of certaui hydraulic machines, and we have therefore endea- 
voured to impress it on the mind of the pupil by Fig. 62, 
where it will be seen, that if the pressure of three feet of 



105. How does the science of Hydrostatics differ from that of Hy- 
dimdics? Does the downward pressure of water differ from the down- 
ward pressure of solids, in proportion? — \QS. "Ron? Va \Saft dn^Ruwtrd 
pnaeure of water iJJustrated? Without Tetewuca to ^«\».\A-nii ^twh- 
luVy in what proportion do fluids preu do^u^ax^? 
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the pressure of twelve ft 



le equal to thirty 'dz pounds. 




Fig.ffiL 

107. "TheqnaDtity of waler which mil be discWeed from 
■n orifice of a given size, will be in proportion to the ieight of 
the column of water above it, for the discharge will increase 
in velocity, in proportion to the preesure, and the pressure, 
we have already seen, will be in a fixed ratio to the 
h^bt. If a vessel such as that represenied in Fig. 63, be 
fillM vnth water, and three apertures be made in ita side at 
the paints e, v, and a, the fluid wiH be thrown out in jets, 
and will &11 towards the earth in the curred. lines e, f, and 
O. The reason why these curves differ in shape, is, that the 
fluid is acted on h^ two forces, □ameh', the pressure of irater 
above the jet, winch produces its velocity forward, and the 
action of gravity which impels it downward. It therefore 
obeys the same laws that solids do when projected forward, 
and fitlls down in curved lines, the shapes of which depend on 
their relative velodldes. The quantity of water discharged 
bdng in proportion to the pressure, that discharged firam 

107. Whit vdU b* the piopmtlini of m fluid diadumd bom aii vn- 
fig* of aiinD ri»? Wfayda^ \tuia«EnV&>Ti^\Ak\wK.'«». 
rtmel, Fig. ti, difbi in ihana? Vf^at tna tottn v«. -07™- '«m^sA. 
M it i«(li*chai|«d,alBd how do &•«•{«««> i^coAnm^t^ix^*^'^''''^ 
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each orifioe will differ in quantity, according to the height of 
water above it. 

108. ^^ It is found, however, that the velocity with which a 
vessel dischar^ its contents, does not depend entirely on* the 
pressure, but m part on the kind of orifice through which the 
liquid flows. It might be expected, for instance, that a tin 
vessel of a ^ven capacity, with an orifice of, say, an inch in 
diameter, through its side, would part with its contents sooner 
than another of the same capacity and orifice, whose side 
was an inch or two thick, since the firiction through the tin 
might be considered much less than that presented by the 
other orifice. But it has been found by experiment, that the 
tin vessel does not part with its contents so soon as another 
vessel, of the same height and size of orifice, firom which the 
water flowed through a short pipe. And, on varying the 
length of these pipes, it is found that the most rapid discharge, 
other circumstances being equal, is through a pipe whose 
length is twice the diameter of its orifice. Such an aperture 
will discharge 82 quarts, in the same time that another vessel 
of tin, without the pipe, will discharge 62 quarts. 

109. " This surprising difference is accounted for by sup- 
posing that the cross currents, made by the rushing of the 
water firom different directions towards the orifice, mutually 
interfere with each other, by which the whole is broken, and 
thrown into confusion by the sharp edge of the tin, and hence 
the water issues in the form of spray, or of a screw, fi:om such 
an orifice. A short pipe seems to correct this contention 
among opposing currents, and to smooth the passage of the 
whole, and hence we may observe, that fi:om such a pipe, the 
stream is round and well defined. 

110. " Friction between solids and fluids. — ^The rapidity 
with which water flows through pipes of the same diameter, 
is found to depend much on the nature of their internal sur- 
faces. Thus a lead pipe, with a smooth aperture, under the 

108. Does the velocity with -which a fluid is discharged depend en- 
tirely on the pressure? What circumstance hesides pressure ucilitates 
the discharge of water from an orifice ? In a tube discharging wat« 
with the greatest velocity, what is the proportion between its diameter 
and its length? — 109. What is the proportion between the quantity of 
fluid discharged through ia orifice of tin, and through a short pipe? 
— 110. Suppose a lead and a ^lass tube, of the same diameter, which 
w/J/ deliver the greatest quantity of liquid in the same time ? Why 

ynJJ A glaaa tube deliver most? Wbiat is e&Vd ot X\i« sa'\4sn Xraxor 

/jiga of a tube, in retarding the motion of the fiuid. 
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same circumstances, will convey much more water than one 
of wood, where the surface is rough, or beset with points. 
In pipes, even where the sur&ce is as smooth as glass, there 
is still considerable friction, for in all cases the water is found 
to pass more rapidly in the middle of the stream than it does 
on the outside, where it rubs against the side of the tube. 
The sudden turns, or angles of a pipe, are also found to be a 
considerable obstacle to the rapid conveyance of the water, 
for such angles throw the fluid into edmes or currents, by 
which its vek)city is arrested. In practice, therefore, sudden 
turns are generally avoided, and where it is necessary that 
the pipe should change its direction, it is done by means of as 
large a circle as convenient. 

111. " Where it is proposed to convey a certain quantity 
of water to a considerable distance in pipes, there will be a 
great disappointment in respect to the quantity actually de- 
livered, unless the engineer take into account the friction, 
and the turnings of uie pipes, and make large allowances 
for these circumstances. If the quantity to be actually de- 
livered ought to fill a two inch pipe, one of three inches will 
not be too ^reat an allowance, if the water is to be conveyed 
to any considerable distance. In practice, it will be found 
that a pipe of two inches in diameter, one hundred feet long, 
will discharge about five times as much water as one of one 
inch in diameter of the same length, and under the same 
pressure. This difference is accounted for, by supposing that 
both tubes retard the motion of the fluid, by friction, at equal 
distance fi:t)m their inner surfiices, and consequently, that the 
effect of this cause is much greater in proportion, in a small 
tube, than in a large one. 

112. "The effect of fi*iction in retarding the motion of 
fluids is perpetually illustrated in the flowing of rivers and 
brooks. On the side of a river, the water, especially where 
it is shallow, is nearly still, while in the midde of the stream 
it may run at the rate of five or six miles an hour. For the 
same reason, the water at the bottoms of rivers is much less 
rapid than at the surface. This is ofren proved by the ob- 
lique position of floating substances, which in still water 



111. How much more water -will a two-inch tube of a hundred feet 
long discharge than a one-inch tube of the same lencth? Ua^ vl ^2s£Al. 
difference aocoiinted for ? 1 12 . How do tvvcn ^«« vaA ^«k!^ ^\s\s&c«sii^ 
ID reUrd'mg the motion of their waton? 
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would assume a Tertical direction. Thus, snppose the etiil 
of wood, E, Fig. 61, to be loaded at one end widi lead, of 
the same diameter as tlie wood, so as 
to make it stand upright in itill water. 
In the current of a river, where the 
lower eud nearly reaches the bottom, it 
will incline la m the fienre, because 
the water is more rapid towards the 
surface than at the bottom, and hence 
the tendency of the upper end to more 
faster than the lower one, girea it an 
inclination forward. 

113. ^' ArcMmeda'i scrao, — One of 

the most curious, as well as andent 

B of Arclameda, which was inTent«d 

r of that name, two hundred 




machines, 

by the celebrated philosophy- _. , 

j'ears before the Christian era, and then employed for 

targe tube. Fig. I 



of a 




Fig. 6S. 

it in place, and give it support. Both ends of the tube 
are open, the lower one being dipped into the vrater 
to be raised, and the upper one discharging it in an inter- 
mitting stream. The shaft turns on a support at ea^h end, 
that at the upper end being seen at A, the lower one b^g 
hid by the water. As the machine now stands, the lower 



of ArcbimedeM'M icnw be rindily lUnatnMd? 



OP HYDRAULICS. 



71 



bend of the screw Is filled with water, since it is below the 
sur&ce c, d. On turning it by the handle, from left to 
right, that part of the scT^w now filled with water will rise 
above the surface c, d, and the water having no place to 
escape, fiills into the next lowest part of the screw at e. At 
the next revolution, that portion which, during the last, was 
at E, will be elevated to o, for the lowest bend will receive 
another supply, which in the mean time will be transferred 
to E, and thus, by a continuance of this motion, the water is 
finally elevated to the discharging orifice p. This principle 
is readily illustrated by winding a piece of lead tube round a 
walking stick, and then turning the whole with one end in a 
dish of water, as shown in the figure. 

114. "Water was sometimes raised by the ancients, by 
means of a rope, or bundle of ropes, as shown at Fig. 66. 
This mode illustrates, in a very strik- 
ing manner, the force of flection be- 
twecin a solid and fluid, for it was by 
this force alone that the water was 
supported and elevated. The lar^e 
wheel A, is supposed to stand over the 
well, and b, a smaller wheel, is fixed 
in the water. The rope is extended 
between the two wheels, and rises on 
one side in a perpendicular direction. 
On turning the wheel by the crank d, 
the water is brought up by the firic- 
tion of the rope, and falling into a re- 
servoir at the bottom of the firame 
which supports the wheel, is discharg- 
ed at the spout d. It is evident that 
the motion of the wheel, and conse- 
quently that of the rope, must be very 
rapid, in order to raise any considerable quantity of water by 
this method. But when the upward velocity of the rope is 
eight or ten feet per second, a large quantity of water may 
be elevated to a considerable height by this machine." 




Fig. 66, 



114. Explain in vfaat manner water is raised by the machine repre- 
flented by Fig. 66. 
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OF PNEUMATICS. 



115. " The term Pneumatics is derived from the Greek 
Pneuma^ which signifies breathy or air. It is that science 
which investigates the mechanicsd properties of air, and other 
elastic fluids. Under the article Hydrostatics^ (§ 90) it was 
stated that fluids were of two kinds, namely, elastic and in- 
elastic^ and that air and the gases belonged to the first kind, 
while water and other liquids belonged to the second. The 
atmosphere wliich surrounds the earth, and in which we live, 
and a portion of which we take into our lungs at every 
breath, is called air^ while the artificial products which pos- 
sess the same mechanical properties, are called gases. When, 
therefore, the word air is used, it will be understood to mean 
the atmosphere which we breathe. Every hollow, crevice, 
or pore, in solid bodies, not filled with a liquid, or some 
other substance, appears to be filled with air : thus, a tube 
of any length, the oore of which is as small as it can be made, 
if kept open, will be filled with air ; and hence, when it is 
said that a vessel is filled with air, it is only meant that the 
vessel is in its ordinary state. Indeed, this fluid finds its way 
into the most minute pores of all substances, and cannot be 
expelled and kept out of any vessel, without the assistance of 
the air-pump, or some other mechanical means. 

116. " By the elasticity of air, is meant its spring, or the 
force with which it reacts, when compressed in a close 
vessel. It is chiefly in respect to its elasticity and lightness, 
that the mechanical properties of air differ from those of 
water, and other liquids. Elastic fluids differ from each 
other in respect to the permanency of the elastic property. 
Thus, steam is elastic only while its heat is continued, and on 
cooling, returns again to the form of water. Some of the 
gases also, on being strongly compressed, lose their elasticity. 



115. What is Pneamatics? What is air? What is gas ? What is 

meant when it is said that a vessel is filled with air? Is there any 

difScultj in expelling the air from vessels? — 116. What is meant by 

^Ae e/asticity ot air? How does air differ from steam and some of the 

/fases in respect to its elasticity ? Does air lose \ta oiasAAft loxcftNi'^ \wfa^ 

Jon^ eompreaged ? 
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and take tbe form of liquids. But air differs from these, in 
being permanently elastic ; that is, if it be compressed with 
ever so much force, and retained under compression for any 
length of time, it does not therefore lose its elasticity, or 
disposition to regain its former bulk, but always reacts with 
a force proportionate to the power by which it is compressed. 

117. " Ijius, if the strong tube, or barrel, 
Fig. 67, be smooth, and equal on the inside, 
and there be fitted to it the solid piston or 
plug A, so as to work up and down air tight, by 
the handle b, the air in the barrel may be com- 
pressed into a space a hundred times less than 
its usual bulk. Indeed, if the vessel be of suf- 
ficient strength, and the force employed suffi- 
ciently great,' its bulk may be lessened a thou- 
sand times, or in any proportion, according to 
the force employed ; and it kept in this state for 
years, it will regain its former bulk, th6 instant 
the pressure is removed. Thus, it is a general 
principle in Pneumatics, that air is compressible 
m proportion to the force employed. 

118. " On the contrary, when the usual pres- 
sure of the atmosphere is removed fi:om a portion 
of air, it expands and occupies a space larger than before ; 
and it is found by experiment, that this expansion is in a ratio 
as the removal of the pressure is more or less complete. Air 
also expands or increases in bulk when heated. If the stop- 
cock c, Fig. 67, be opened, the piston a may be pushed 
down with ease, because the air contained in the barrel ^ill 
be forced out at the aperture. Suppose the piston to be 
pushed do¥m to within an inch of the bottom, and then the 
stop-cock closed, so that no air can enter below it. Now, on 
drawing the piston up to the top of the barrel, the inch of 
air will expand, and fill the whole space, and were this space 
a thousand times*as large, it would still be filled with the ex- 
panded air, because the piston removes the pressure of the 
external atmosphere fi:t)m that within the barrel. It follows, 




Fig. 67. 



117. In what proportion to the force employed is the balk of air les- 
sened? — 118. In what proportion will a Quantity of air increase in bulk, 
as the pressure is removed from it? Host v& t.Vv\& \\!k»ato«toi^V\^N%> 
67? On yrhaX ciroumstanoe, thewlote, n»\\!L ^« \»>a5ii^ ^^ »» ^H«a.\«eJ&s5fs 
o/a£r depend? 
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therefore, that the space which a giyen portion of air occa- 
pies, depends entirely on circumstances. If it is under pres- 
sure, its bulk will be diminished in exact proportion ; and as 
the pressure is removed, it will expand m proportion, so as 
to occupy a thousand, or even a million times as much space 
as before. 

119. " Another property which air possesses, is weight, or 
gravity. This property, it is obvious, must be slight, when 
compared with the weight of other bodies. But tmit air has 
a certain degree of gravity, in common with other ponderous 
substances, is proved by direct experiment. Thus, if the air 
be pumped out of a close vessel, and then the vessel be ex- 
actly weighed, it will be found to weigh more when the air 
is again admitted. 

120. ^^ Pressure of the atmosphere. — ^It is, however, the 
weight of the atmosphere which presses on every part of 
the eartVs sur&ce, and in which we live and move, as in an 

that here particularly claims our attention. The 
3 pressure of the atmosphere may be easily shown 
by the tube and piston. Fig. 68. Suppose there 
is an orifice to be opened or closed by the valve b, 
as the piston a is moved up or down in its barrel. 
The valve being fastened by a hinge on the upper 
side, on pushing the piston down it will open by 
the pressure of the air against it, and the air will 
make its escape. But when the piston is at the 
bottom of the barrel, on attempting to raise it 
^ again, towards the top, the valve is closed by the 
force of the external air acting upon it. Ifi there- 
fore, the piston be drawn up m this state, it must 
be agiunst the pressure of the atmosphere, the 
Fig. 68. whole weight of which, to an extent equal to the 
diameter of the piston, must be lifted, while there will re- 
main a vacuum or void space below it in the tube. If the 
piston be only three inches in diameter, it will require the 
full strength of a man to draw it to the top of the barrel, and 
when raised, if suddenly let go, it will be forced back again 
by the weight of the air, and will strike the bottom with 
great violence. 



■Oil 



yyA Bowls it proved that air has weight?— 120. Expkin in what 
manner the pressure of the atmosphere is 8ho'wu"\>^¥\%.^'ft. "WViKW* 
tie force pressing on the piston, wnen drawn up^axQa,w>m%\h3H»a«a^^> 
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121. '^ Suppofiinff the surface of a man to be equal to 14 j^ 
square feet, and aJlowing the pressure on each square inch 
to be 151be., such a man would sustain a pressure on his 
whole sur&ce equal to nearly 14 tons. 

122. *^ Now, that it is the weight of the atmosphere which 
presses the piston down, is proved by the fact, that if its dia- 
meter be enlarged, a greater force, in exact proportion, will 
be required to raise it. And further, if when the piston is 
drawn to the top of the tube, a stop-cock, as at Fig. 68, be 
opened, and the air admitted under it, the piston will not- 
be forced down in the least, because then the air will press 
as much on the under as on the upper side of the piston. 

123. ** By accurate experiments, an account of which it is 
not necessary here to detail, it is found that the weight of 
the atmosphere on every inch square of the sur&ce of the 
earth is equal to fifteen pounds. If, then, a piston working 
air tight in a barrel, be drawn up from its bottom, the force 
employed, besides the friction, will be just equal to that re- 
quired to lift the same piston, under ordinary circxmistances, 
with a weight laid on it equal to fifteen pounds for every 
square inch of sur&ce. The number of square inches in the 
sur&pp of a piston of a foot in diameter, is 113. This being 
jBultiplied by the weight of the air on each inch, which being 
15 pounds, is equal to 1695 pounds. Thus the air constantly 
presses on every surface, which is equal to the dimensions of 
a circle one foot in diameter, with a weight of 1695 pounds. 

AIB-PUMP. 

124. ** The air-pump is an engine by which the air can be 
pumped out of a vessel, or withdrawn firom it. The vessel 
so exhausted, is called a receiver, and the space thus left in 
the vessel, after withdrawing the air, is called a vacuum. 
The principles on which the air-pump is constructed are readily 

121. How may the m^essure of the atmosphere on the surface of a 
man be estimated? — 122. How is it provea that it is the -weight of 
the atmosphere, instead of suction, which makes the piston rise with 
difficulty? — 123. What is the pressure of the atmosphere on every 
square inch of surface on the earth ? What is the number of sauare 
inches in a circle of one foot in diameter ? What is the weight of the 
atmosphere on a sur&ce of a foot in diameter? — 124. Wmit is the 
air-pump? What is the receiver of an air-pump? What is a 
vacuum ? Explain the constnictioii oi ^)bft var^>xa^^ ^k^^ ^c»&)8c»&k^ 
to Fig. 69, 
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Fig. 69. 



understood, and are the same in all instruments of this kind, 

though the form of the instru- 
ment itself is often considerably 
modified. The general princi- 
ples of its construction will be 
comprehended by an explana- 
tion of Fig. 69. In this figure, 
let R be a glass vessel, or re- 
ceiver, closed at the top, and 
open at the bottom, standing on 
a perfectly smooth plate of 
metal called the plate of the air- 
pump. Through the plate is 
an aperture, p, which commu- 
nicates with the inside of the receiver, and the barrel of the 
pump. The piston moves air-tight through the barrel. 

126. "Now, suppose the piston to be drawn up, it will 
then leave a fi*ee communication between the receiver R, 
through the orifice, to the pump-barrel in which the piston 
works. Then if the piston be forced down by its handle, it 
will compress the air m the barrel between V and v, and, in 
consequence, the valve e will be opened, and the air so con- 
densed will be forced out. On drawing the piston up again, 
the valve will be dosed, and the external air not bemg per- 
mitted to enter, a vacuum will be formed in the barrel, from 
V to V. When the piston comes again to the top of the bar- 
rel, the air contained in the glass vessel, together with that 
in the passage between the vessel and the pump-barrel, will 
rush in to fill the vacuum. Thus, there will be less air in 
the whole space, and consequently in the receiver, than at 
first, because all that was contained in the barrel is fbrced 
out at every stroke of the piston. On repeating the same 
process, that is, drawing up and forcing down the piston, the 
air at each time in the receiver will become less and less in 
quantity, and, in consequence, more and more rarefied. For 
it must be understood that, although the air is exhausted at 
every stroke of the pump, that which remains, by its elas- 
ticity, expands, and still occupies the whole space. The 
quantity forced out at each successive stroke is therefore 



125. Ezplun the operation of the air-pump. What is the limit to 
6Aa exbtMBting power of the air-pump, as abo^e de&d\\Mid.? Ib the air- 
pump capable of producing a pertect vacu\ini? 
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audi, at Ust, it no loDger haa soffideat force lie- 
fore the piston to open the valve, when the exhausting poirer 
of the mstrument must cease entJretf. Now, it WiU be 
obrioiu, that as the exhausting power of the tur-pump de- 
pend! on Che expansion of the air within it, a perfect vacuom 
can never be formed by ita means, for bo bug as exhaustion 
takes place, there must be air to be forced out, and when this 
becomes so rare aa not to force open the Talvea, then the 
process must end. 

126. " A good air-pump has two mmilar pumping barrel* 
to that described, so that tlie 
process of exhaustion is perform- 
ed in half the time that it could 
be performed by one barrel. The 
barrels, with ^eir pistona, and 
the usual mode of working them, 
are represented by Pig. 69. The 
piston rods are Airnished with 
racks, or teethj and are worked 
by the toothed wheel a, which is 
turned backwards and forwards, 
by the lever and handle b. The < 
ekhauatdon pipe e, leada to the 
plate on wbich the receiver stands, 
as shown in Fig, 69. The valves 
r, n, u, and m, all open npwarda. 

127. "To understand how these ] 
the air from the veasel on the plate, t 
will suppose that, as the two pistons uuv/ stiuiu, me jihuukj 
b is to oe tnmed towards the left. This will raise thepiston 
A, while the valve u will be dosed by the pressure of the ex- 
ternal air acting on it in the open barrel m which it works. 
There would then be a vacuum formed in this barrel, did 
not the valve in open, and let in the air coming from the re- 
cdvar, through the pipe c. ' When the piston, therefore, is 
at the upper end of the barrel, the space between the piston 
and the valve m, vrill be filled vrith the air Irom the receiver. 

126. Whf hava common ur-pumpi mora tbui oua banal and ^iiton? 
How Bra Iha pirtons of an air-piunp workid ?— 127. Whil* thaputon A 
a aaeandiog, which nlvaa will ba opu, ud irliich doiad ? Whaa tha 
piitm A daHaadg, what bivioma of tha aii with which iu bairet wu fill- 
ed? Why doai not the urpanfiam aii«\AinVVi'^<AiK'<^>™^^'^°^ 
vMlrtt n and at f 
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Next, suppose the handle to be moved to the right, the |H8- 
ton A will then descend, and compress the air with which the 
barrel is filled, which, acting against the yalve n, forces it 
open, and thus the air escapes. Thus, it is plain, that 
every time the piston rises, a portion of air, however rarefied, 
». enters the barrel, and every time that it descends, this 
portion escapes, and mixes with the external atmosphere* 
The action of the other piston is exactly similar to this, only 
that B rises while A falls, and so the contrary. It will ap- 
pear, on an inspection of the figure, that the air cannot pass 
fi*om one barrel to the other, for while A is rising, and the 
valve m is open, the piston b will be descending, so that the 
force of the air in the barrel b, will keep the valve n closed. 
Many interesting and curious experiments, illustrating the 
expansibility and pressure of the atmosphere, are shown by 
this instnunent. 

128. " (1.) If a withered apple be placed under the re- 
ceiver, and the air be exhausted, the apple will swell and 
become plump, in consequence of the expansion of the air 
which it contains within the skin. 

^^ (2.) Ether, placed in the same situation, soon begins to 
boil without the infiuence of heat, because its particles, not 
having the pressure of the atmosphere to force them together, 
fly off with so much rapidity as to produce ebullition.*' 

(3.) If a bladder, partly filled with air, and tied tightly at 
the neck, be placed under the receiver, and a vacuum be then 
produced, the air in the bladder will expand by removal of 
the external pressure, and perhaps burst the bladder. 

(4.) Any small animal, as a mouse or bird, placed in the 
exhausted receiver, will immediately die, from, want of breath, 
and fi*om the expansion of its body. 

(5.) If a long-necked flask be inverted in a vessel of water, 
and this apparatus be placed under the receiver, and the air 
rarefied by means of the pump, the air in the flask will ex- 
pand and escape through the water, and, on readmitting 
the atmosphere, the water will rise in the flask, and occupy 
the space formerly occupied by the air. 

(6.) K a lighted taper be placed under a receiver, and this 
be rapidly exhausted, the name will be extinguished much 

/i% EDumerate some experiments which may be performed by means 
of tbe air-Domp, and which illustrate the ex]p«DBV\>\\\t;f «ai6L Y^ouKxra of 
^e atmosphere. 
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sooner ihan it would haye been had the receiver been filled 
with air. It is upon the same principle that, in a vacuum, 
no light is produced by the collision of a flint and steel. 



THE CONDENSER. 

129. " The operation of the condenser is the reverse of that 
of the air-pump ; it is, indeed, a much more simple machine. 
The air-pump, as we have just seen, will deprive a vessel of 
its ordinary quantity of air; the condenser, on the contrary, 
will double or treble the ordinary quantity of air in a close 
vessel, according to the force employed. 

130. " This instrument, Fig. 71, consists of a pump-barrel 
and piston A, a stop-cock B, and the vessel c furnished with 
a valve opening inwards. The orifice d is to admit the air, 
when the piston is drawn up to the top of the barrel. To 
describe its action, let the piston be above D, the 
orifice beinff open, and therefore the instrument 
filled with au*, of the same density as the exter- 
nal atmosphere. Then, on forcing the piston 
down, the air in the pump-barrel, below the ori- 
fice D, will be compressed, and will rush through 
the stop-cock b, into the vessel c, where it will 
be retamed, because, on again moving the piston 
upward, the elasticity of the air wm dose the 
valve through which it was forced. On drawing 
the piston up a^ain, another portion of air will 
rush in at the orifice d, and on forcing it down, 
this will also be driven into the vessel c ; and this 
process may be continued so long as sufiident 
force is applied to move the piston, or there is 
sufficient strength in the vessel to retain the air. 
When the condensation is finished, the stop-cock. 
B may be turned, to render the confinement of 
the air more secure. 

131. ^^The magazines o£ air-guns are filled in the manner 
above described. The air-gun is shaped like other guns, 
but instead of the force of powder, that of air is employed to 
project the bullet. For this purpose, a strong hollow ball of 
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Fig. 71 



129. How does the condenser o^'olyt'i — \^. ^x^^uui&.'^V*^;^^ 
show in what maimer the air is condensed. — V'^X.'^x'^^aix^ ^£!b'<^g6i&&^^ 
of the W'gun, 
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copper, with a valve on the innde, is screwed to a condenser^ 
and the air is condensed in it, thirty or forty times. This 
ball or magazine is then taken from the condenser, and 
screwed to the gun, under the lock. By means of the lock, 
a communication is opened between the magazine and the 
inside of the gun-barrel, on which the spring of the confined 
air against the leaden bullet is such, as to throw it with 
nearly the same force as gunpowder. 

132. Pressure of the atmosphere on liquids, — ^We are now 
in a condition to make further inquiries mto the phenomena 
of atmospheric pressure. " Suppose A, Fig 72, to be a long 
tube, with thq piston, B, so nicely fitted to its inside as to 
work air-tight. If the lower end of the tube be dipped into 
water, and the piston drawn up, by pulling at the handle, c, 
the water will follow the piston so closely as 
to be in contact with its sumce, and apparent- 
ly to be drawn up b^ the piston, as though 
the whole was one sohd body. If the tube be 
thirty-five feet long, the water will continue 
to follow the piston until it comes to the 
height of about thirty-three feet, where it 
will stop; and if the piston be drawn i:^ 
still farther, the water will not follow it, but 
will remain stationary, the space fixim this 
height, between the piston and the water, be- 
ing left a void space, or vacuum. The rising 
of the water in the above case, which only 
involves the principle of the common pump, 
is thought by some to be caused by suction^ 
the piston sucking up the water as it is drawn 
upward. But, according to the common 
notion attadied to this term, there is no 
reason why the water should not continue to 
rise above the thirty-three feet, or why the power of suction 
should cease at that point, rather than at any other. 




Pig. 72. 



132. Suppose the tube. Fig. 72, to stand with its lower end in tbe 

water, and the piston B to be drawn upward thirty-five feet, how hr 

will the water foUow the piston ? What will remain in the tube between 

&e piston and the water, after the piston rises higher than thirty- 

Sane £det? What is commonly supposed to make the water rise in such 

^^^ ^ there any reason why the suction BbioxiVd. ««%&« u\ \^vi\r3-'^SbsM 
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133. " Without entering into any discussion on the absurd 
notions concerning the power of suction, it is sufficient here 
to state, that it has long sind^ been provedj that the elevation, 
of the water in the case above described, depends 
entirely on the weight and pressure of the atmo- 
sphere, on that portion of the fluid which is on 
the outside of the tube. Hence, when the 
piston is drawn up, under circumstances where 
the air cannot act on the water around the tube, 
or pump-barrel, no elevation of the fluid will 
follow. This will be obvious by the following 
experiment : — Suppose Fig. 73 to represent the 
sections or halves of two tubes, one within the 
other, the outer one being made entirely dose, 
so as to admit no air, and the space between 
the two being also made air-tight at the top. 
Suppose, abo, that the inner tube being left; 
open at the lower end, does not reach the 
bottom of the outer tube, and thus that an open 
space be left between the two tubes every where, 
except at their upper ends, where Uiey are 
flistened together ; and suppose that there is a 
valve in the piston, opening upwards, so as to 
let the air which it contains escape, but which 
will close on drawing the piston upwards. Now, Fig. 73. 
let the piston be at A, and in this state pour water through 
the stop-cock, c, until the inner tube is filled up by the piston, 
and the space between the two tubes filled up to the same 
point, and then let the stop-cock be closed. If, now, the 
piston be drawn up to the top of the tube, the water will 
not follow it, as in the case first described ; it will only rise 
a few inches, in consequence of the elasticity of the air above 
the water, between the tubes, and in the space above the 
water there will be formed a vacuum between the water and 
the piston, in the inner tube. 

134. " The reason why the result of this experiment differs 
from that before described, is, that the outer tube prevents 
the pressure of the atmosphere from forcing the water up the 

133. What is the true cause of the elevation of the water, -when the 
piston, Fiff. 73, is drawn up ? How is it shown by Fig. 73 that it is the 
pressore of the atmosphere which causes the water tA tve^ v^^^^^^ossis^ 
barrel?— 134. Suppose the ice pTe^etita t\ie aXTtias^«tfc5x»TE^\x«»c»%5s^ 
the water in a vessel, can the waitet >»e -igRXTWg*^ w^^ 
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inner tube, as the piston rises. This may be instantly proved, 
by opening the stop-cock, c, and permitting the air to press 
upon the water, when it will be^oimd, that as the air rushes 
in, the water will rise and fill the vacuum up to the piston. 
For the same reason, if a common pump be placed in a cistern 
of water, and the water is frozen over on the sur&ce, so that 
no air can press upon the fluid, the piston of the pump might 
be worked in vain, for the water would not, as usual, obey 
its motion. 

135. ** It follows, as a certain conclusion fi*om such experi- 
ments, that when the lower end of a tube is placed in water, 
and the air from within is removed by drawing up the piston, 
it is the pressure of the atmosphere on the water around the 
tube which forces the fluid up to fill the space thus left by 
the air. It is also proved, that the weight or pressure of the 
atmosphere is equal to the weisht of a perpendicular column 
of water 33 feet hiffh, for it is found (Fig. 72) that the pres- 
sure of the atmosphere will not raise the water more than 33 
feet, though a perfect vacuum be formed to any height above 
this point. Experiments on other fluids prove that this is the 
weight of the atmosphere, for if the end of a tube be dipped 
in any fluid, ai^d the air be removed from the tube, above the 
fluid, it will rise to a greater or less height than water, in 
proportion as its specmc gravity is less or greater than diat 
of water. 

THE BAROMETER. 

136. " Construction of the barometer. — ^The larometer is 
constructed on the principle of atmospheric pressure. This 
term is compounded of two Greek words, haros,, weight, and 
metron^ measure, the instrument being designed to measure 
the weight o£ the atmosphere. Its construction is simple, and 
easily understood. It is merely a tube of glass nearly filled 
with mercury, with its lower end placed in a vessel of the 
same fluid, and the upper end furnished with a scale, to mea- 

135. What conclusion follows from the experiments ahove described? 
How is it proved that the pressure of the atmosphere is equal to the 
weight of a column of water 33 feet hieh? How do experiments on 
other fluids show that the pressure of the atmosphere is equal to the 
weight of a column of water 33 feet high ? — 136. what is the principle 
on which the barometer is constructed? What does the barometer 
measure P Describe the construction of the \)axomeleT. «a xe^TesenCed by 
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Fig. 74. 



sore the hdglit of the mercmy. Let a, Fig. 74, be such a 
tube, 34 or 35 inches long, dosed at one end, and open at 
the other. To fill the tube, set it upright, and pour the mer- 
cory in at the open end, and when it is 
entirely full, place the forefinger forcibly on 
this end, and then plunge the tnb^ and miger 
under the sur&oe of the mercury, before pre- 
pared in the vessel b. Then withdraw the 
finger^ taking care that in doing this, the end 
of the tube is not raised above the mercury in 
the veeseL When the finger is removed, the 
mercury wiU descend four or five inches, and 
after several vibrations, up and down, will rest 
at an elevation of 29 or 30 inches above the 
surface of that in the vessel, as at c. Having 
fixed a scale to the upper part of the tube, to 
indicate the rise and fall of the mercury, the 
barometer would be finished, if intended to 
remain stationary. It is usual, however, to 
have the tube inclosed in a mahogany or brass case, to prevent 
its breaking, and to have the vessel closed on the top, and 
&stened to the tube, so that it can be transported without 
danger of spilling the mercury. 

137. ^^ It has already been shewn that it is the pressure of 
the atmosphere on the finid around the tube, by which the 
fluid within it is forced upward, when the pump is exhausted 
of its air. The pressure of the air, we have also seen, is 
equal to a colunm of water 33 feet high, or of a column of 
mercury 29 inches hish. Suppose, then, a tube 33 feet high 
is filled with water, tne air would then be entirely excluded, 
and were one of its ends closed, and the other end dipped in 
. water, the effect would be the same as though both ends 
were closed, for the water would not escape, unless the air 
were permitted to rush in and fill up its place. The upper 
end being closed, the air could gain no access in that direction, 
and the open end being under water, is equally secure. The 
quantity of water in which the end of the tube is placed, is 
not essential, since the pressure of a column of water an 
inch in diameter, provided it be 33 feet high, is just ec|ual 
to a column of air of an inch in diameter, of the whole height 
of the atmosphere. Hence the water on the outside of 
the tube serves merely to guard against the entranoe of thj^ 
external air. 
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138, "Hie.BBme ira)enB to the barometer -tnbe, when 
filled with mercury. The mercury, in the first place, fills 
the tube perfectly, and liei^fore entirely excludea the dr, 
BO that when it is inrerted in the cup, all the ipace above S9. 
inches is left a Tacanm. The eame dSect prerascly would be 
produced, were the tube ^lausted of ite air, and the open 
end placed id the cap: the mercmy would run up the tube 
29 inches, and then stop, all above that point being left a 
vacuum. The mercury, therefore, is prevented finm felling 
out of the tube, b^ the preesure of the atmosphere on 
that which remains m the cup ; for if this be removed, the 
til will enter, while the mercury will instantly begin to 
descend. 

139. " In the barometer above described, the rise and fitll 
of the mercury is indicated by a scale of inches, and tenths 
of inches, fixed behind the tube; but it has been found that 
veiy shght vaiixtions in tbe density of the atmosphere are not 

readily perc^ved by this method. It being, 
however, dearable tiiat these minnte changes 
should be rendered more obvious, a contri- 
vance for increasing the scale, called the whe^ 
barometer, was invented. The whole length 
of the tube of the wheel barometer. Fig. 75, 
from c to A, is 34 or 35 inches, find it is filled 
with mercury as usual. The mercury rises 
in die short 1^ to the point o, where there 
TS a small piece of glass noatinc on its surface, 
to which there is attached a sUk string, pass- 
ing over the pulley P. To the axis of tho 
p^ley is fixed an index (« band, and behind 
' ' lis a graduated drcle, as seen in the figure. 
is obvious, that a very shght variation in 
the height of the mercury at o, will be indi- 
cated by a considerable motion of the index, 
and thos cbaoges in the weight of the atmo- 
Rg. ?5. sphere, hardly perceptible by the commoii 
barometer, will become quite apparent by this. 



I3B. What Hill UwB^ I 
oscribt the coDBlractioD at the wheel liuoi 



ibove 29 incliei in (he Iwnimeter tube ? 



THE BAROMETER. S5 

140. " The mercury in the barometer tube being sustained 
by the pressure of the atmosphere, and its medium altitude 
at the surface of the earth being about 29 inches, it might be 
expected that if the instrument were carried to a height from 
the earth*s surface, the mercury would suffer a proportionate 
fall, because the pressure must be less at a distance from the 
earth than at its surface, and experiment proves this to be 
the case. When, therefore, this instrument is elevated to any 
considerable height, the descent of the mercury becomes 
perceptible. Even when it is carried to the top of a hill, or 
high tower, there is a sensible depression of the fluid, so that 
the barometer is employed to measure the heights of moun- 
tains, and the elevation to which balloons ascend from the 
surface of the earth. On the top of Mont Blanc, which is 
about 16,000 feet above the level of the sea, the medium 
elevation of the mercury in the tube is only 14 inches, while, 
on the surface of the earth, as above stated, it is 29 inches. 

141. " Uses of the barometer, — ^While the barometer stands 
in the same place, near the level of the sea, the mercury 
seldom or never falls below 28 inches, or rises above 31 in- 
ches, its whole range, while stationary, being only about 8 
inches. These changes in the weight of the atmosphere indi- 
cate corresponding changes in the weather, for it is found, by 
watching these variations in the height of the mercury, that 
when it fidls, cloudy or falling weather ensues, and that when 
it rises, fine clear weather may be expected. During the 
time when the weather is damp and lowering^ and the smoke 
of chimneys descends towards the ground, the mercury re- 
mains depressed, indicating that the weight of the atmosphere 
during such weather is less than it is when the sky is clear. 
This contradicts the common opinion, that the air is the 
heaviest when it contains the greatest quantity of fog and 
smoke, and that it is the uncommon weight of the atmosphere 
which presses these vapours towards the ground. A little 

140. What is stated to be the medium range of the barometer at the 
surface of the earth ? Suppose the instrument to be elevated from the 
earth, what is the effect on the mercury? How does the barometer in- 
dicate the heights of mountains ? W hat is the medium range of the 
mercury on Mont Blanc? — 141. How many inches does a fixed baro- 
meter vary in hei|[ht ? When the mercury falls, what kind of weather 
is indicated ? When the mercury rises, what kind of weather may be 
expected ? When fog and smoke descend towards the ground^ is it a 
Mgn ot a light or heavy atmoBph«T«? 'B^ ^>;ai(. vda^^qi^ Sa^Nx i^ss<«n:w'^iisis.. 
tbeuria iighteft when fiUed wit^ ^a.^^'^ 
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consideratioii will shew that, in this case, the popular belief is 
erroneous, for not only the barometer, but all the experiments 
we have detailed on the subject of specific gravity, tend to 
shew that the lighter any fluid is, the deeper any substance 
of a given weight will sink in it. Common observation ought, 
therdbre, to correct the error, for every body knows that a 
heavy body will sink in water, while a light one will swim; 
and by the same kind of reasoning, ought to consider, that 
the particles of vapour would descend through a light atmo- 
sphere, while they would be pressed up mto the higher 
regions by a heavier air. 

142. ^^ One great use of the barometer is on board of 
ships, where it is employed to indicate the approach of 
storms, and thus to give an opportunity of preparing ac- 
cordingly ; and it is round that the mercury suffers a most 
remarkable depression before the approach of violent winds, 
or hurricanes. The watchful captam, particularly in south- 
ern latitudes, is always attentive to this monitor, and when 
he observes the mercury to sink suddenly, takes his measures 
without delay to meet tilie tempest. During a violent storm, 
we have seen the wheel-barometer sink a hundred degrees 
in a few hours. But we cannot illustrate the use of ths in- 
strument at sea, better than by giving the following extract 
fix)m Dr Amott, who was himself present at the time : ^ It 
was,^ he says, *' in a southern latitude. The sun had just 
set with a placid appearance, closing a beautiful afternoon, 
and the usual mirth of the evening watch proceeded, when 
the captain's orders came to prepare with all haste for a 
storm. The barometer had begun to fall with i^palling 
rapidity. As yet the oldest sailors had not perceived even 
a threatening in the sky, and were surprised at the extent 
and hurry of the preparations ; but the required measures 
were not completed, when a more awful hurricane burst 
upon them, than the most experienced had ever braved. 
iNothing could withstand it; tne sails, already furled, and 
closely bound to the yards, were riven into tatters; even the 
bare yards and masts were in a great measure disabled; and 
at one time the whole rigging had nearly fallen by the board. 
Such, for a few hours, was the mingled roar of the hurricane 

142. Of what use is the barometer on board of ships? When does 
^^Ae mercury suffer the most remarkable depression? What remarkable 
Jnstunee ia stated where a ship seemed to \>e sa^ed \k^ ^« maa q1 \isA 
^»ro/neier^ 
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above, of the wav^ around, and the incessant peals of thun- 
der, that no human voice could be heard; and amidst the 
general consternation, even the trumpet sounded in vain. 
On that awful night, but for a little tube of mercury, which 
had given the warning, neither the strength of the noble 
ship, nor the skill and energies of her commander, could 
have saved one man to tell the tale.^ " 

WATER PUMPS. 

143. There is a philosophical experiment, of whidi no one 
is i^orant. If one end of a straw be introduced into a vessel 
of uquid, and the other end be sucked with the mouth, the 
Hquid will rise through the straw, and may be sw^owed. 
Every one is familiar with the action of the common squirt, or 
hand-syringe. This instrument consists of a cylinder, or barrel, 
terminating in a short suction pipe, and having its interior 
accurately fitted with a piston. On plunging the pipe into 
water, and raising the piston, the liquid rushes into the barrel 
by atmospheric pressure, and is then projected in a^ontinuous 
stream by the descent of the piston. 

144. Water-pumps are machines by 
means of which water is elevated fi*om 
various depths to the surface of the 
earth. There are three kinds of pump, 
the common suction, the lifting, and 
the forcing pump, so called fi*om the 
manner in which they severally act. 

145. Common suction pump. — ^The 
action of this machine depends on 
the principles illustrated by that of 
the common squirt, viz., atmosphe- 
ric pressure and mechanical force. 
*^The common pump consists of a long 
tube, or barrel, called the pump-log^ 
which reaches fi*om a few feet above 
the ground to near the bottom of the 
well. At A, Fig. 76, is a valve, open- Fig. 76. 

143. What illustrationB are given of the action of the common pump P 
—144. How many kinds of pumps are described? — 145. On what does 
the action of the common pump depend ? Which kind is the common ? 
Describe the common pump. Explaiti Viorw \}ca cxsnvx&ssok. ^^^ossc^ '^'^^V 
'When the lew, is depressed, what ta^tA ^\*fi» va. ^^ -^NjaswV^jwsxiC'- 
When the hmu elevated, what Uk«ft\k\3M«'^ 
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ing upwards, called the pump-hox. When the pump is not 
in action, this is always shut. The piston B has an aperture 
through it, which is closed hj a valve, also opening upwards. 
By the pupil who has learned what has been explained un- 
der the articles air-pump and barometer, the action of this 
machine will be readily understood. Suppose the piston b 
to be down to A, then on depressing the lever c, a vacuum 
would be formed between A and b, did not the water in 
the well rise, in consequence of the pressure of the at- 
mosphere on that around the pump-log in the well, and 
take the place of the air thus removed. Then, on raising 
the end of the lever, the valve A closes, because the water 
is forced upon it, in consequence of the descent of the pis- 
• ton, and at the same time the valve in the piston B opens, 
and the water, which cannot descend, now passes above the 
valve B. Next, on raising the piston, by again depressing 
the lever, this portion of water is lifted up to B, or a little 
above it, while another portion rushes through the valve A 
to fill its place. After a few strokes of the lever, the space 
from the piston B to the spout, is filled with the water, 
where, on continuing to work the lever, it is discharged in a 
constant stream. 

146. *^ Although, in common language, this is called the 
suction pump, still it will be observed, that the water is ele- 
vated by suction, or, in more philosophical terms, by atmo- 
spheric pressure, only above the valve A, after which it is 
raised by lifting up to the spout. The water, therefore, is 
pressed into the pump-barrel by the atmosphere, and thrown 
out by lifting." Although, in theory, pure water may be 
raised, by this machine, to a height of 35 j feet, when the 
mercury stands at 31 inches in the barometer, it is not found 
practicable, in pumps of ordinary construction, to raise it 
higher than about 28 feet, the difference arising from the 
difficulty of making the apparatus absolutely air-tight. The 
several acts of respiration, suction with the mouth, drink- 
ing, smoking, &c., may all be explained by reference to the 
prmdples above-announced. 

147. Lifting pump. — In this pump, the piston is situated 



Other acta may be explained by reference to ttie a\>oye "jinixd^W^— -\Vl. 
■f^ow does the lifting pum^p diner from the common la^ou yqsk^^ 
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in the lower part of the bairel, and Tsisea the water through 
the whole difrtauce, hy fordug it upward, without ibe ageocj 
of atmo^heric pressure. 

148. JoreingpinTip.^" The /orcinp pump difiere from both 
these, in having its piston solid, or 
without a valve, and also in having 
a nde ph>e, through which the 
water is forced, instead of rising 
in a perpendicular direction, as in 
the others. The forcing pump is 
represented by Fig. 77, where a 
ii a solid piston, warking ur-tight f 
in its bairel. The tube, c, leads § 
from the barrel of the (ur-vessel, d 
Through the pipe p the water i 
thrown into the open air. o is a 
gauge, by which the pressure of the 
water in the air-vessel is ascer- 
tained. Throa^h the pipe, i, the 
water ascends mto the barrel, it8_ 
upper end being fiimished wit' 
valve opening upwards. 

149. " To explain the action of this pump, suppose the 
piston to be down to the bottom of the barrel, and then to be 
raised upward by the lever, l, the tendency to form a vacuum 
in the barrel will bring the water up through the pipe, i, by the 
pressure of the atmosphere. Then on depressing the piston, 
the valve at the bottom of the barrel will be closed, and the 
water, not finding admittance through the pipe whence it 
came, will be forced through the pipe, C, and opening the 
valve at its upper end, will enter into the ur-vessel, D, and 
be discharged through the pipe, f, bto the open ur. The 
water is therefore elevated to the piston barrel by the pres- 
sure of the atmo^here, and aAerwards thrown out by the 
force of the piston. It is obvious that, by this arrangement, 
the height to which this flnid may be thrown, will depend on 
the power applied t« the lever, and the strength with which 
the pump is made. 
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150. *' The air-yessel, d, contains air in its tipper part only, 
the lower part, as we hare already seen, bemg filled with 
water. The pipe, p, called the discharging pipe, passes down 
into the water, so that the air cannot escape. The air is 
therefore compresssed, as the water is forced into the lower 
part of the vessel, and reacting upon the fluid by its elasticity, 
throws it out of the pipe in a continued stream. The constant 
stream which is emitted &om the direction-pipe of the fire- 
engine, is entirely owing to the compression and elasticity of 
the air in its air-vessel. In pumps without such a vessel, as 
the water is forced upwards only whQe the piston is acting 
upon it, there must be an interruption of the stream while 
the piston is ascending, as in the common pump. The air- 
vessel is a remedy for this defect, and is fi^und also to render 
the labour of drawing the water more easy, because the force 
with which the air in the vessel acts on the water, is always 
in addition to that given by the force of the piston." 

151. In each of the pumps above-described, liie total effort 
required to work the machine, independently of fi^iction, is 
equal to the weight of a column of water, the base of which 
is equal to the area of a section of the working barrel, and 
the altitude equal to the distance between the surfiice of the 
water in the reservoir and the point to which it is raised. 
In the suction pump, the whole of the effort is exp^ided in 
raising the piston; m the forcing pump, one part is expended 
in raising, and the other in depressing the piston, and it is 
advantageous to arrange the machinery, so that these two 
parts shall be nearly equal. In small pumps employed for 
domestic purposes, the strength of man is usually exerted as 
the moving power; but in raising water fi*om great depths, 
as from, the bottom of mines, the steam-engine is usually 
employed. 

152. Chain pianp. — ^This kind of pump is used on board of 
ships, and consists of an endless chain moving over a wheel 
on the deck, which is turned round by winches, and over a 
roller in the pump-well, having saucers or flat circular pis- 
tons at certain intervals. Near the pump-well, on the side on 

150. Why does not the air escape from the air-vessel iu this pump ? 

What effect does the air-vessel have on the stream discharged ? Why 

does the air-vessel render the labour of raising the water more easy ? — 

yjy. In the several pumps now described, to what is the effort required 

to work tbem proportioned? — 152. What it ibe coiui^xuc^wx ol ^^ 

duuapumpp WluU ia its effect per minute? 
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wliich the chain on turning the winches ascends, are a few 
feet of pipe ; through this the saucers raise the colunm of 
mter, which, b^g ufted over the upper orifice of the pipe, 
fiilla into the dstem, snd thence into the waste pipe, called 
the pump-dale, which carries it OTerboard. The descending 
porbon of chun &lls through another case, called the back- 
eati. Chain pnmps, in Isi^ shipa, throw out a ton of water 
per minute. 

1 FIBS EHOIHB. 

153. "Thejfre engine is a, modification of the forcing pnmp. 
It consists of two such pumps, the pistons of which are moved 
a leTer with equal arms, the common tiilcnim b^g at c, 
;. 78. While the piston a is descendmg, the other piston 
B IS ascending. The wBt«r is pressed by the pressure of the 
atmcsphere through the common pipe p, and then dividing, 
ascends into the working barrels of each piston, where the 
'valves, on both sides, prevent its return. By the alternate 
depression of the pistons, it is then forced into the air- box d, 
xod then, b^ the direction pipe B, is thrown where it is wanted, 
'niis machme acts precis^y like the forcing pump, only that 
its power is doubled, by having two pistons mstead of one. 



by a I 




153. GipbiB Fig. 78,uid A«Ma%«t,h»u 
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154. *^ There is a beautiful fountain called ih.e fountain of 
Hiero^ which acts by the elasticity of the air, and on the same 
principle as that already described. Its construction will be 
understood by Fig. 79, but its form may be varied according 
to the dictates of fancy or taste. The boxes A and b, together 
with the tubes, are made air-tight, and strong in proportion 
to the height it is desired the fountain should play. To pre- 
pare the fountain for action, fill the box a, through the 
spouting tube, nearly full of water. The tube c, reaching 
nearly t-o the top of the box, will prevent the water fi*om 
passing downwards, while the spouting pipe will prevent the 
air from escaping upwards, after the vessel is about half filled 
with water. Next, shut the stop-cock of the spouting pipe, 
and pour water into the open vessel D. This will descend 
into the vessel b through the tube E, which nearly reaches 
its bottom, so that, after a few inches of water are poured in, 
no air can escape, except by the tube c, up into the vessel A. 
The air will then be compressed by the weight of the colunm 
of water in the tube £, and therefore the force of the water 
from the jet pipe will be in proportion to the height of this 
tube. If this tube is 20 or 80 feet high, on turning the stop- 
cock, a jet of water will issue firom the pipe.^* 



CHAP. VI. 



OF ACOUSTICS. 



155. Undulations, — ^The constituent particles of all bodies 
are usually held, by the operation of certain internal and ex- 
ternal forces, in a state of equilibrium; and, where these par- 
ticles have been to a certain extent disturbed by any cause, 
they return to the state of equilibrium, by alternately ap- 
proaching the position of rest and receding fi*om it, until, by 
a graduaJly decreasing recession, they attam the condition of 
repose. These movements are called undulations, vibrations, 
or oscillations. 



1S4, How is the fountain of Hiero constructed ? On what will the 
heu^bt of the jet from £[iero*8 fountain depeiid? — ^155. What ia meant by 
oadabulons, vibntioDs, or osciUation&P 



or Acousncsw 9& 

156. Vibration may take place in all solid bodies which 
possess a requisite degree of elasticity. The elastic force 
necessary for -vibration may either be an innate property .of 
the mass, as in rods and plates of metal, and glass;, or it may 
be acquired by means of tension, as in cords and membranes. 
Bodies of a lintear form are capable of exhibiting three kinds 
of Tibration, the transyerse, the longitudinal, and the rota- 
tory. 1 . If a piece of whip cord be strained tight and firmly 
held at each end, and be then pulled in the middle from its 
position of rest, and suddenly let go, it undergoes a series of 
transverse vibraticms. 2. If the cord be held at one end, and 
a weight attached to the other end be raised, and then let go, 
a series of longitudinal vibrations is produced. 8. Lastly, if 
the cord be twisted by means of the weight, and the weight 
be suddenly allowed to fall, the cord exhibits a series of rota- 
iory vibrations. To the subject of vibration of solid bodies 
we shall presently have occasion to return. 

157. Undulation is produced in non-elastic, or liquid 
bodies, as water, either by dropping a solid body into the 
liquid, or by withdrawing an immersed solid from the liquid. 
Around the point of impression a circular elevation is formed 
on the surface of the water, and immediately adjoining it is 
a corresponding depression ; these constitute a circular undu- 
lation. The wave, thus produced, traverses the surface of 
the water, and a series of concentric circles is formed, each of 
which becomes progressively larger, as it travds further 
from the point of impression. These alterrikte elevations 
and depressions, gradually decrease in height and depth, until 
at length the equilibrium is restored. 

158. Undulation occurs in elastic, ot fluid bodies, as atmo- 
spheric air, by any cause which disturbs the equilibrium. If 
an impulse of any kind be imparted to the air at any point, 
it will be communicated to the surrounding contiguous par- 
ticles, in all directions with equal velocity. A sphere of air 
is thus formed around the point of impulse, the expansion of 
which is gradually arrested by the reaction of the condensed 
air, until, at last, the sphere contracts, and the air recovers 

•its former equilibrium. 



156. Wlmt solid bodies possess this property? Explain tlie three 
kinds of Tibntion wbich occur in solid bodies of lineal form.— 157. 
Explain the onduliUions of liquid bodies. — Yb^^.N^YAXv^"^^ ^^kS(. ^ 
impulse cojnmoaicated to a fluid body? 
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159. By the term acoustics is denoted that branch of 
nataral philosophy which treats of the origin, propagation, 
and effects of sound. When a sonorous or sounding body is 
struck, it is thrown into a tremulous or vibrating motion. This 
motion is communicated to the surrounding air, and is con* 
veyed by this medium to the drum of the ear, which also 
undergoes a vibratory motion, and this last motion, by throw- 
ing the auditory nerves into action, produces the sensation of 
hearing. The phenomena of sound have in many particulars 
a strong analogy to those of light. 'Hooke and Euler supposed 
both to consist in a mere vibratioa, or impulse of ether, or . 
air. Newton contended for a peculiar luminous Auid, or 
matter of light, distinct from ether ; and Epicurus for a pe- 
culiar sonorous fluid, or matter of sound, distinct from air ; an 
opinion which Lamai'ck appears to have revived in our own 
times. 

160. "If any sounding body of considerable size is sus- 
pended in the air, and struck, thb tremulous motion is 
distinctly visible to the eye, and while the eye perceives its 
motion, the ear perceives the sound. That sound is conveyed 
to the ear by the motion which the sounding body communis 
oates to the air, is proved by an interesting experiment with 
the air-pump. Among philosophical instruments, there is a 
small bell, the hammer of which is moved by a spring con- 
nected with clock-work, and which is made expressly K>r this 
experiment. If this instrument be wound up, and placed 
under the rece^rer of an air-pump, the sound of the beJl may 
at first be heard to a considerable distance, but as the air ifi 
exhausted, it becomes less and less audible, until no longer 
to be heard, the strokes of the hammer, though seen by the 
eye, producing no effect upon the ear. Upon allowing the 
air to return gradually, a &int sound is at first heard, which 
becomes louder and louder, until as much air is admitted as 
was withdrawn. 

161. "On the contrary, when the air is more dense than 
ordinary, or when a greater quantity is contained in a vessel, 

159. What is meant by acoustics ? When a sonorouB body is strack, 

xu what maimer do we gain from it the sensation of sound? Explain 

the analogy supposed to exist between the phenomena of sound and 

those of sight.— 160. How is it proved that sound is conveyed to theeax 

^ tA0 medium of the air? — ^^161. When the air is more dense than usual, 

^onr does it affect sound ? What ia said oi the efiocto ol Miuni on. tho 

^j?s i^hJgb mountaina? 
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than in the same space in the open air, the efiect of sound on 
the ear is increased. This is illustrated by the use of the 
divin^-b.ell. When this machine is sunk to any considerable 
depth, the water above, by its pressure, condenses the air 
under it with great force. In this situation, a whisper is as 
loud as a common voice in the open air, and an ordinary 
voice becomes painful to the ear. Again, on the tops of high 
mountains, where the pressure or density of the air is much 
less than on the surface of the earth, the report of a pistol is 
heard only a few rods, and the human voice is so weak as to 
be inaudible at ordinary distances. Thus, the atmosphere 
which surrounds us is the medium by which sounds are con- 
veyed to our ears, and to its vibrations we are indebted for 
the sense of hearing, as well as for the pleasure derived from 
the sounds of music. 

162. ^^The atmosphere, though the most common, is not, 
however, the only, or the best conductor of sound. Solid 
bodies conduct sound better than elastic fluids. Hence, if a 
person apply his ear to a long stick of timber, the scratch of 
a pin may be heard from the other end, which could not be 
perceived through the air. The earth conducts loud rumbling 
sounds made below its surface to great distances. Thus, it 
is said, that in countries where volcanoes exist, the rumbling 
noise which generally precedes an eruption, is heard first by 
the beasts of the field, because their ears are commonly near 
the ground, and that by their agitation and alarm, they give 
warning of its approach to the inhabitants. The American 
Indians discover the approach of horses or men, by laying 
theur ears on the ground, when they are at such diistancea as 
not to be heard in any other manner." 

163. The rate of velocity at which sound is propagated 
through the air, has been variously estimated. When a gun 
is fired at a considerable distance, the flash b seen a certain 
time before the report is heard ; and the same phenomenon 
is observed with respect to the stroke of a hanuner, the fall 
of a stone, or any visible action which produces a sound. 
The method generally adopted for ascertaining the velocity 

162. Wliieh are the best conductors of sound, solid or elastic substan- 
ces? \^*hat is said of the earth as a conductor of sound ? How is it 
said that the Indians discover the i^jproach of horses or men? — 163. 
How is the rata of velocity of sonnd estimated ? Does sound travel at 
a uniform nt9 ? How may the \d0c\t5 V\>ix ^V\^ ^ioft \w5«t^ ^\ ^ ^g«^ 
tnvels be astiiaated? 
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of sound, Is, to measure, by means of a stop watch or pen- 
dulum, the time which elapses between the appearance of th« 
flash, and the hearing of the report of a gun fired at a cert^n 
measured distance from the observer ; for light travels so fast 
through a distance of 1000 or 2000 miles, that we cannot 
possimy appreciate the time; we may, therefore, conclude 
that the explosion of a gun takes place at the very moment 
in which the flash is perceived. Now, it has been mvariably 
noticed, that sound travels at a uniform rate: thus, it will 
travel twice as &r in two seconds, as it will in one second ; 
that it will travel three times as far in three seconds, as it 
^vill in one, and so on. Therefore, in this manner of esti- 
mating the velocity of sound, if the distance, in feet, between 
the gun and the observer, be divided by the number of 
seconds which elapse between the perceptions of the flash 
and of the report, the quotient will show the rate of travel- 
ling, or how many feet per second are traversed by the sound. 
164. The experiments and calculations of Derham, Flam- 
stead, and Halley, lead to the general conclunon that sour4 
travels uniformly through the atmosphere at the rate of 1142 
feet per second, or one mile in little less than five seconds ; 
at least, this result cannot difier from the truth by more than 
fifteen or twenty feet. The difficulty, however, of measuring 
time to a fraction of a second, is too great to adnot of abso- 
lute accuracy. 1. Derham observed, that the report of a 
cannon fired at a distance of thirteen miles, did not strike on 
his ear as a single sound, but was repeated five or six times 
close to each other. " The first two cracks," he says, " were 
louder than the third, but the last cracks were louder than 
any of the rest. And, besides, in some of my stations, be- 
sides the multiplied sound, I plainly heard a faint echo, which 
was reflected by my church, and the houses adjacent." 2. 
This repetition of the sound was probably caused by reflection 
of a single sound firom hills, houses, or other objects, not ver}- 
distant firom the cannon. But it appears, from general ob- 
servation, and where no echo can be suspected, that the 
sound of a cannon, at a distance of ten or twenty miles, dif- 

164. At -what velocity does sound travel through the atmosphere? 

Describe the effect produced by the report of a cannon at the distance of 

thirteen xniJes. How may this effect be explained ? What difference is 

observed in the quality of sound proceeding from a long, and from » 

Mbort diat&nce ? Whsit circumstances should be ti^«i& mW«0Ti%\^«a.\:v»»., 

/fl estimating the velocity of sound through the aii? 
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fers firom a sound proceeding from an object whieh is near. 
In the latter case, the crack is lond and instantaneous, and 
we are unable to appreciate its height ; whereas, in the former 
case, it is a grave sound, which may be compared with a de- 
terminate musical sound, and, instead of being instantaneous, 
it begins softly, swells to its extreme loudness, and then dies 
away. Nearly the same thing may be observed with respect 
to a clap of thunder. Other sounds are likewise altered in 
quality bv the distance through which they are propagated. 
3. In estimating the velocity of sound, the state of the atmo- 
sphere, with regard to wind, must be taken into considera- 
tion. But the velocity of the air in the strongest wind is, 
perhaps, not equal to the twentieth part of the velocity of 
sound. 4. A slight alteration in the velocity of sound is 
occasioned by difierence of temperature ; the propagation of 
sonnd is rather quicker in summer than in winter. 5. Dif- 
ferent altitudes of the barometer, as also different quantities 
of moisture in the atmosphere, occasion slight variations in 
the velocity of sound, but these variations cannot be deter- 
mined with reference to these causes respectively. 

165. Upon the whole it appears, that whatever increases 
the elasticity of the air, accelerates the motion, as also the 
intensity, of sound through this medium, and vice versa. Or, 
in fluids of a determinate elasticity, whatever increases the 
density, diminishes the velocity of sound through them. 
Probably the velocities of sound through such fluids, are 
as the squares of the densities. Experience seems to prove, 
that at difierent seasons of the year, the influence of the 
winds being excluded, the velocity of sound may be faster or 
slower, not exceeding thirty feet, than at the above-men- 
tioned mean rate of 1142 feet per second. 

. 166. The knowledge of the velocity of sound through the 
air may be applied to the measurement of distances. The 
distance of a thunder cloud, for instance, may be estimated 
by measuring the time which elapses between the appear- 
ance of the mish of lightning and the report of the explosion 
or thunder ; for if, by looHng on a watch with a second^s , 
hand, we find the interval to be one second, we may conclude 
that the explosion took place at the distance of 1142 feet 

165. To what extent does the velocVt3 ol wvoA^vspa!^ '^^^ •«». ^£^«. 
in diffonnt Masons Uironghout t\ie "jeM^— \^^. '^^^ ^oim^ S>ca^*»5«» 
of A tbundm^dond be detennmed ^>]f t\xeN«\o<»^l tAv3r»A^ 
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from us ; if the interval be two, three, oi* any other nambef 
of seconds, we may conclude that the distance is the product 
of 1142, multiplied by the number of seconds. In the same 
manner, by olwerving the flash and the report of a gun, or 
the motion of the hand which moves a nammer, and the 
perception of the sound, we may determine, approximately, 
the distance of a ship, of an island, of a workman, &c. 

167. *' Solid substances convey sounds with ^eater velo- 
city than air, as is proved by the following experiment, lately 
made at Paris, by M. Biot. At the extremity of a cylindri- 
cal tube, upwards of 3000 feet long, a ring of metal was placed, 
of the same diameter as the aperture of the tube ; and in the 
centre of this ring, in the mouth of the tube, was suspended 
a clock-bell and hammer. The hammer was made to strike 
the ring and the bell at the same instant, so that the sound 
of the ring would be transmitted to the remote end of the 
tube, through the conducting power of the tube itself, while 
the sound of the bell would be transmitted through the 
medium of the air inclosed in the tube. The ear being then 
placed at the remote end of the tube, the sound of the ring, 
transmitted by the metal of the tube, was first heard dis- 
tinctly, and after a short interval hud elapsed, the sound of 
the bell, transmitted by the air in the tube, was heard. The 
result of several experiments was, that the metal conducted 
the sound at the rate of about 11,865 feet per second, which 
is about ten and a half times the velocity vrith which it is 
conducted by the air." 

168. The following are the results of Chladni^s experi- 
ments, as stated by himself: — " Articulated tones are also 
conducted exceedingly well through hard bodies, as I found 
by experiments which I made with some of my friends. Two 
persons who stopped their ears could converse with each 
other, when they held a long stick, or a series of sticks, be- 
tween their teeth, or rested their teeth against them. It is 
all the same whether the person who speaks rests the stick 
against his throat or his breast, or whether one rests the stick, 
which he holds in his teeth, against some vessel into which 
the other speaks. The effect will be greater, the more the 

167. Which convey sounds with the greatest velocity, solid substances, 
or air P Describe the experiment proving that aovxud is conducted by a 
metal with greater re/ocity than by the air. — \Oft. lu "^^ttSt Yca»» ^o«i 
soaad move ? 
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vtessel is capable of a tremulous movement. It appeared to 
T»e strongest with glass and porcelain vessels ; with copper 
kettleS) wooden boxes, and earthen pots, it was weaker. 
Sticks of glass, and next fir-wood, conducted the sound 
best. The sound could also be heard when a thread was 
held between the teeth by both, so as to be somewhat 
stretched. Through each substance, the sound was modified 
in a manner a little different. By resting a stick, or other 
body, against the temples, the forehead, and the external 
car^lagmous part of the ear, sound is conveyed to the 
interior organs of hearing ; as will readily appear, if you will 
hold your watch to those parts of another person who has 
stopped up his ears. From this it appears, as well as from 
the experiments relative to the hearing under water, that 
hearing is nothing else than, by means of the organs of 
hearing, to be sensible of the tremulous movement of an 
elastic body, whether this tremulous movement be conveyed 
through the air, or any other fluid or hard body, to the auri- 
cular nerves. It is also essentially the same, whether, as is 
usually the case, the sound be conveyed through the internal 
part of the ear, or whether it be communicated through any 
other part of the body. It certainly would be worth the 
trouble to make experiments, to try whether it might not be 
possible that deaf and dumb people, when the deficiency lies 
only in the external organs of the ear, the auricular nerve being 

Eeifect, could not, by the above method of conducting sound, 
e made to hear distinctly words articulated, as well as other 
sounds.^' 

169. Echo. — "Sound moves forward in 
straight lines, and in this respect follows the ■■m.i^.- ....mm^m 
same laws as moving bodies, and light. It also 
follows the same laws in being reflected, or 
thrown back, when it strikes a solid, or re- 
flecting surface. If the surface be smooth, 
and of considerable dimensions, the sound 
will be reflected, and an eclw will be heard ; 
but if the surface be very irregular, sofl, or *^ 

small, no such effect will be produced. In 
order to hear the echo, the ear must be '^ 

placed in a certain direction, in respect to ^' ®^» 

169. Prom what kind o! wirfaoft \fc wracA v&!W!i«A^vi ^Na -sgwftssMa. 
an echo? Kzplain Fig. HO. 
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the point where the sound is produced, and the reflecting sur- 
face. If a sound be inroduced at a, Fiff. 80, and strike the 
plain surface b, it will be reflected back in the same line, 
und the echo will be heard at c or A: that is, the angle under < 
which it approaches the reflecting surface, and that under 
which it leaves it, will be equal. 

170. "'Whether the sound strike the reflecting surface at 
right angles or obliquely, the angle of approach, and the 

angle of reflection, will 

always be the same, and 

equal. This is illustrated 

by Fig. 81, where, sup- 

lA pose a pistol to be fired 

at A, while the reflecting 

Fig. 81' surface is at c, then the 

«cho will be heard at B, the angle 2 and 1 being equal to 

each other. 

171. " If a sound be emitted between two reflecting sur- 
faces, parallel to each other, it will reverberate, or be answered 
backwards and forwards several times. Thus, if the sound be 

made at A, Fig. 82, it will not only re- 
bound back again to A, but will also be 
reflected from the points c and d ; and 
were such reflecting surfaces placed at 
every point around a circle from A, the 
sound would be thrown back from them 
all, at the same instant, and would meet 
again at the point A. It is a fact well 
ascertained in optics, that light ob- 
< - . serves exactly the same law in respect to 

Fig. 82. j^g reflection from plane surfaces, and 

that the angle at which it strikes, is called the angle of inci- 
dence^ and 3iat under which it leaves the reflecting surface 
is caUed the angle of reflection. The same terms are employed 
in respect to sound. 

172. "In a circle, as mentioned above, sound is reflected 

170. Explain Fig. 81, and show in what direction sound approaches 

and leates a reflecting surfiKe. — 171. What is the angle under which 

sound strikes a reflecting surface called? What is the anele under 

which it leaves a reflecting surface called ? Is there any di£^rence in 

tie quantity of these two anelea ? — 1 72. Suppose a pUtol to be ^red in the 

centre of a circular room, where would he the echo? lS.xip\«.\\i Y'l^. ^^ 

and give the reason. 
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firom every plane surface placed around it, and hence, if the 
sound is emitted from the centre of a cirde, this centre will 
be the point at which the echo will be most distinct. Sup- 
pose the ear to be placed at the point 
A, Fig. 83, in the centre of a circle ; 
and let a sound be produced at the 
same point, then it will move along 
the line A e, and be reflected from 
the plane surface, back on the same 
Une to a; and this will take place 
from all the plane surfaces placed 
around the circumference of a circle ; 
and, as all these surfaces are at the 
same distance from the centre, so the ^^^* ^^* 

reflected sound will arrive at the point A, at the same instant ; 
and the echo will be loud, in proportion to the number and 
perfection of these reflecting surfaces. It is apparent that 
the auditor, in this case, must be placed in the centre from 
which the sound proceeds, to receive the greatest efiect. 

173. ^^ But if the shape of the room be oval, or elliptical, 
the sound may be made in one piut, and the echo will be 
heard in another part, because the ellipse has two points, 
called foci, at one of which, the sound being produced, it will 
be concentrated in the other. Suppose 
a sound to be produced at A, Fig. 84, 
it will be reflected flrom the sides of the 
room, the angles of incidence being 
equal to those of reflection, and will be 
concentrated at b. Hence a hearer 
standing at b, will be aflected by the 
united rays of sound from diflerent part^ 
of the room, so that a whisper at a, 
will become audible at b, when it would 
not be heard in any other part of the 
room. Were the sides of the room 
lined with a polished metal, the rays of 
light or heat would be concentrated in 
the same manner. The reason of this '^^* °^* 

will be understood, when we consider, that an ear, placed at 




173. Suppose a sound to be produced m oxv^ <A ^^ Vwiv ^\ «a.'SK>:^^'«w^ 
y/rhen then might it be distinctly heaid'i >Lxv\^\w^\\^,'^^^\A^^^'^^ 
rcsutoju 
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c, will receive only one ray of the sound proceeding from a, 
while if placed at b, it will receive from all parts of the room. 
Such a room, whether constructed by design or accident, 
would be a whispering gallery.^ 

174. Several reflecting surfaces may be so situated, in re- 
spect to distance and direction, that a sound, proceeding from 
a certain point, will be reflected first by one surface, then by 
another at a little distance, aiV«rwards by a third, and so on ; 
or it will be reflected from the first surface to the second, 
from the second to the third, and so on ; hence a sound may 
be repeated several times. 

175. According to the distance at which the speaker stands, 
a reflecting object will return an echo of several, or of fewer 
syllables ; for, in order to avoid confusion, all the syllables 
must be uttered before the echo of the first syllable reaches 
the ear. In a moderate way of speaking, about 3^ syllables 
are pronounced in one second, or seven syllables in two 
seconds. Therefore, when an echo repeats seven syllables, 
the reflecting object is 1142 feet distant ; for sound travels at 
the rate of 1142 feet per second, and the distance from the 
speaker to the reflecting object, and again from the latter to 
the former, is twice 1142 feet. When the echo returns four- 
teen syllables, the reflecting object must be 2284 feet distant, 
and so on. It is stated that a famous echo in Woodstock 
park repeats seventeen syllables in the day, and twenty at 
night. On the north side of Shepley church, in Sussex, it is 
said that an echo repeats distinctly, under favourable cir- 
cumstances, twenty-one syllables. 

176. " On a smooth surface, the rays, or pulses of sound, 
will pass with less impediment than on a rough one. For 
this reason, persons can talk to each other on the opposite 
sides of a river, when they could not be understood to the 
same distance over the land. The report of a cannon, at 
sea, when the water is smooth, may be n^^d at a great dis- 
tance, but if the sea is rough, even vdthout wind, the sound 
will be broken, and will reach only half as far." In &vour- 
able circumstances, the striking of the clock on the bell of St. 

174. Bj "what means ma^ a repetition of reflected sounds be heard? 

— 175. How is reflected sound affected by distance? What is the rate 

of distance at which a certain number of syllables may, be echoed? — 

JZS. Why is it thsA persons can converse on the opposite sides of a 

Tirer, when tbejr could not hear each otheT at t\i« taxae d2k!^ASv<eA Q<««(^hA 

i»nd? At wb&t distance has the humam. voice >>MiiVeax^? 
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Paul's Church, in London, has been heard at Windsor. It 
has been said that, with a particular concurrence of favour- 
able circumstances, the human voice has been heard at the 
distance of more than ten miles, viz., from Old Gibraltar to 
New Gibraltar.* The discharge of an ordinary musket can 
hardly ever be heard further than seven or eight miles ; but 
the discharge of several such muskets, at the same time, may 
be heard from a greater distance. The quick repetition of 
the same sound may also be ^eard somewhat further than the 
same singly. In the Dutch war of the year 1672, it has been 
said, that the reports of the cannons were heard at the dis- 
tance of 200 miles, and upwards. 

MUSICAL SOUNDS. 

177. " The strings of musical instruments are elastic cords, 
which being fixed at each end, produce sounds by their 
vibration. The string of a violin or pianoforte j when pulled 
to one side by its middle, and let go, vibrates backwards and 
forwards like a pendulum, and striking rapidly against the air, 
produces tones, which are grave or acute according to its 
tension, size, or length. The manner in which such a string 
vibrates is shown by Fig. 85. 




Fig. 85. 

If pulled from e to a, it will not stop again at e, but in 
passing f^om A to e, it will gain a momentum, which will 
carry it to c, and in returning, its momentum will again carry 
it to D, and so on, backwards and forwards, like a pendulum, 
until its tension, and the resistance of the fdr, finally bring 
it to rest. 

178. " The grave or sharp tones of the same string depend 

177. How is tone produced by the stnng of a violin or piano forte ? — 
1 78. On what does the difference between a grave and a sharp tone 
depend ? Why are the bass strings of instruments covered with metallic 
wire? 
• Derham'M Phyrico-Theology, B. Vv. diap. ^. ««» «to)0 \>Qa't\Su'^x»K«K^^ 
S0(^ fyr mmn tact§ of thU nature. 
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on its different degrees of tension ; hence, if a string be 
struck, and while vibrating, its tension be increased, its tone 
will be changed from a lower to a higher pitch. Strings of 
the same length are made to vibrate slow or quick, and con- 
sequently to produce a variety of sounds, by making some 
larger than others, and giving them different degrees of ten- 
sion. The violin and bass viol are familiar examples of this. 
The low, or bass strings, are covered with metallic wire, in 
order to make their magnitude and weight prevent their 
vibrations from being too rapid, and thus they are made to 
give deep or grave tones. The other strings are diminished 
m thickness, and increased in tension, so as to make them 
produce a greater number of vibrations in a given time, and 
thus their tones become sharp or acute in proportion. 

179. "Under certain circumstanced, a long string will 
divide itself into halves, thirds, or quarters, without depressing 
any part of it, and thus give several harmonious tones at the 
same time. The fairy tones of the JSolian harp are produced 
in this manner. This instrument consists of a simple box of 
wood, with four or five strings, two or three leet long, 
fastened at each end. These are tuned in unison, so that 
when made to vibrate with force, they produce the same 
tones. But when suspended in a gentle breeze, each string, 
according to the manner of force in which it receives the 
blast, either sounds as a whole, or is divided into several 
parts, as above described. ' The result of which,' says Dr 
Amott, *" is the production of the most pleasing combination 
and succession of sounds that the ear ever listened to, or 
fancy perhaps conceived. Afler a pause, this fairy harp is 
often heard beginning with a low and solemn note, like the 
bass of distant music m the sky ; the sound then swells as if 
approaching, and other tones break forth, mingling with the 
first and with each other.' 

180. " The manner in which a string vibrates in parts will 
be understood by Fig. 86, Suppose the whole length of the 




Fig. 86. 



J/'Sf. Why does the JEoWbjo. harp yield a variety ot tone&t avuoe all the 
stringB are tuned in unison ? — 180. Explain Fig* ttS, AiO^nsi^VjEkftxoaMUftx 



-^ w^cA strings vibr&te in parts. 



MUSICAL SOUNDS. 106 

String to be fi*om a to b, and that it is fixed at these two 
points. The portion from B to c vibrates as though it was 
fixed at c, and its tone differs fi'om those of the ouier parts 
of the string. The same happens from c to d, and from d 
to A. While a string is thus vibrating, if a small piece of 
paper be laid on the part c or d, it will remain, but u placed 
on any other part of the string, it will be shaken off." 

181. When the vibrations of a string succeed each other 
with such regularity as to produce the impression of a single 
sound, this is called a musical sound. Musical sounds differ 
from each other, partly in regard to quantity, partly in qua- 
lity. 1. The quantity of a musical sound depends on the 
extent and velocity of the vibrations, and therefore corre- 
sponds to the strength or intensity of the sound. Thus, the 
further a string is drawn from its position of rest, the louder 
will be its sound ; the more violently a bell is shaken, the 
louder will it ring. Musical sounds are termed notes, and are 
distinguished as high and low, with reference to the number 
of vibrations : if two notes be^ounded at the same time, that 
which is produced by the greater number of vibrations, is 
called the higher note; thus, if a cord, while vibrating 
through its entire length, be suddenly shortened, its vibra- 
tions will be more rapid, and the note will be raised. 2. The 
quality of a sound relates to the different bodies by which it 
18 produced. If two notes of similar intensity be produced, 
the one by the human voice, the other by a tense string or 
by a bird, the quality of each is readily appreciated by the 
ear, though no account can be given of the different emotions 
occasioned by them. 

182. The capacity of the human ear for appreciating the 
vibrations of a sonorous body is restricted witlmi certain hmits. 
It has been proved by experiment, that the lowest note we 
are capable of perceiving is that produced by a body per- 
forming 32 half- vibrations, or 16 impulses, in one second of 
time ; and the highest, that which is performed by 16,000 
in the same period of time. It is stated, however, that a 
finely attuned ear is capable of appreciating, as a distinct 
sound, a kind of hissing noise ocicasioned by the performance 
of 48,000 half vibrations, or 24,000 impulses, in a second of time. 

181. What eonstitutes a musical sound? What is meant hv the 
quantity of a sound? What, by its qusAW^ 1— \^1. Vi\^vo.^\iai^\OTiicsa. 
u the human Mr capable of appredtltm^ Tcrasv«a\ vsrexi^'^ 
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183. Scale of musical notes — ^The principal notes, or musi- 
cal sounds, are seven in number. In tbis country they are 
designated by the first seven letters of the alphabet in a 
peculiar arrangement, as C, D, E, F, G, A, B. On the con- 
tinent, the seven syllables, Do, Re, Mi, Fa, Sol, La, Si, are 
usually preferred. These notes constitute what is called the 
gamuts or diatonic scale. On investigating the cause why 
this combination of seven sounds strikes the ear with agree- 
able sensations, it is found to depend on the simplicity of the 
relation between the notes, with reference to the number of 
their vibrations. Such a relation is called an interval. The 
simplest interval of musical sounds is that in which tiie higher 
note performs twice as many vibrations as the fundamental 
note from which it is derived. Such an interval is called an 
octave^ and its relation is therefore as 1 is to 2, 2 to 4, 4 to 8, 
&c. A collection of eight consecutive i>otes constitutes an 
octave ; the first of these, supposing it to be C, performs 258 
vibrations in a second of time, while the eighth, also called C, 
performs 516 vibrations in the same space of time ; the latter 
note is commonly said to be pitched an octave higher than the 
former. By way of illustratmg this fact, let us suppose that 
a cord of forty-five inches in length, stretched between two 
pegs on a board, as in the piano-forte, produces the note C 
of 258 vibrations in a second. Let the cord be now pressed 
down by the finger exactly in the centre, and either half of 
it be struck, or made to vibrate; the consequence will be 
that a much shriller, or higher, note will be produced. This 
note is also called C, but it is the first note of a new series, 
and, for its production, 516 vibrations were performed in a 
second of time. This is upper C, or the octave of the funda- 
mental C, which waa produced by half, the number of vibra- 
tions. Each of the seven notes is capable of bemg rabed an 
octave higher by a similar experiment. 

184. Between the fundamental interval of the octave^ there 

183. What are the prineipal notes of music termed? On what does 
the agreeable sensation produced by them in succession depend? What 
is an octave ? What relation exists between the fundamental note and 
its octave ? How may this be illustrated ? — 184. How many intervala 
occur in unison between the fundamental interval of the octave ? As- 
suming the cord of forty-five inches to yield the fundamental note C, and 
calling tbia cord i, vrhsA length of cord will be required to form the other 

aoteg of the diatonic scale ? What is the pTO]^tl\oiv ol ^« number of i 

ylbrutions to the lengths of cord, respectivelj ? 



MU&ICAL SOUNDS. 



107 



exist many other intervals, of which, however, there are but 
aix, which, when heard in succession, fall in unison upon the 
ear. In investigating the characters of these notes, we can- 
not help being struck with the fact, that the science of music, 
apparently so independent of abstract mathematics, is never- 
toeless based on certain lixed relations of numbers ; and that 
the harmony of notes is intimately connected with the coin- 
cidence of simple numerical ratios. Assuming the cord of 
forty-five inches, above mentioned, to yield the note C, and 
calling it 1, its octave will require one- half of the length of 
the cord ; and the intermediate notes will require lengths of 
cord in the following proportions : — ^for D, eight-ninths ; for E, 
four- fifths ; for F, three-fourths ; for G, two-thirds ; for A, 
three-fiilhs; and for B, eight-fifleenths. All these propor- 
tions are exactly reversed, with regard to the number of vi- 
hradonsy which are, respectively, nine-eighths, five-fourths, 
four-thirds, three-seconds, five-thirds, and fifleen-eighths. 
All this will be rendered clearer by the following table, in 
which the names of the notes, the comparative lengths of the 
cord, and number of vibrations producing them, together with 
the absolute (approximate) number of vibrations performed 
in a second of time, in order to produce a particular note, 
are placed together : — 



Karnes of Notes. 



Foreign. 



Do.... 
Re.... 
Mi.... 
Fa.... 
Sol... 
La... 
Si.... 
Do... 



English. 



.c. 

.D. 
.E. 
F. 



>• ••VJTa 

...A. 
...B. 
...C. 



Comparative 



Lengfth of 
Cord. 



.1. 

8 



4' 
S 



'4 
3 



... ... *Tf ••• 



•h 



■A- 
1 



Number of 
Vibrations. 



9 

s 



•4* 

4 

9 
S 



1 s 

TT 



Absolute (approxi- 
mate) number of vi- 
brations in a second. 



258 

290 

322 

344 

• •• ••• •••00| 

430 

:...483 

516 



185. Of the seven notes above described, there are three 
which are more apportioned to each other than the rest, and 
which consequently form the most agreeable combination to 
the ear. These are C, E, and G ; and this chord of three notes 



185. What if a triad, and of "what iiot«& \% it cAtQ?^i»«i^ Qrcw ^^i^«^^ 
does the pieMonble emotioni produced \>^ V2tk« Xta.'^ ^<«;\«cA^ 
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is called a triad. In this case, also, it appears that the plea- 
surable emotion occasioned by the combination depends on 
the simplicity of the ratios of vibration, for in the time that 
C, or the fundamental note^erforms 4 vibrations, its third E 
performs 5, and its fiflh G, 6. This combination of the 
fundamental note C 'with the major third E and the fifth G 
is called the perfect major chord, 

186. There are some curious facts connected with the har- 
monious notes. " The cries of a city — that is, the scarcely 
articulate, but often very musical, sounds uttered by persons 
selling things in the streets, — generally rise on thirds ov fifths^ 
sometimes on octaves; and this, although few of these poor 
people have been taught music. The cry of oysters by 
women in Edinburgh is always on an octave. Teachers of 
elocution are also aware that human beings in general make 
such transitions of voice naturally, under the influence of 
certain feelings. For example, a person indifierently sur- 
prised at hearing a friend say, ^ I was the person who did so 
and so,' will say, ^Was it you?* rising only a third at the last 
word. If greatly surprised, the rise will be a ffth. There 
may be even so great a degree of astonishment, that the 
word *you' will begin on one note and terminate on its octave. 
The- answers, 'Yes, it was I,' will show corresponding declen- 
sions or falls of voice. We thus see how truly music is a 
species of natural language. Unquestionably, every shade of 
human feeling can be represented by succession of its sounds, 
apart altogether from words." — Chambers^ s Information for 
the People, 

187. The limits of this work will not admit of minute de- 
tails of this interesting branch of acoustics. A few remarks 
must, however, be added on the chromatic scale. By refer- 
ring to the diatonic scale, above described, it will be ooserved 
that the seven intervals, though nearly equal, do not exactly 
correspond: consequently, it is not possible to mainUdn the 
harmony of the notes, if any other than C be selected as the 
ftindamental note. In order, therefore, that we may be 
enabled to select some other note than C, and at the same 
time, get rid of the inequalities subsisting between the seven 
intervals of the diatonic scale, semitones have been introduced 

186, Show that music is a natural language by some familiar illostra- 
tionjB. — W7. \yb&t 18 the lue of eemltonea? WViat U the chroauitic 
McmJe/ 
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between the enttre tones^ i, e. between the fundamental note 
and the second, between the second and the third, between 
the fourth and the fifth, between the fifth and the sixths 
between the sixth and the seventh, and the octave is thua 
constituted of 8 entire tones, and 6 semitones. This scale, 
which contfdns- 12 intervals, is called the chromatic scale. 
When the differences between the intervals are so &r 
equalised, that the deviation from an exact ratio to the 
fundamental note is so small as to be imperceptible, an instru- 
ment, so tuned, is said ta have an even temperament, 

WIND, OR ATMOSPHERIC CURRENTS. 

188. Wind m nothing more than air in m^ion, or an 
atmospheric current. As a natural phenomenon, that motion 
of the air which we call wind, is occasioned by the presence 
of a greater degree of heat in one place than in another : the 
air which has been heated, rises upward, while the surround- 
ing portions move f<»rward to occupy its place, and restore 
the equilibrium. The truth of this is illustrated by the &ct,^ 
that during the burning of a house in a calm night, the 
motion of the air towaros the place where it is thu» rarefied, 
makes the wind blow firom every point towards the flame. 
The general currents of the atmosphere depend principally 
upon two circumstances, viz. the unequal temperature of the 
equator and of the poles, and the diurnal motion of the earth 
upon its axis. 

189. The effect of temperature m the production of atmo- 
spheric currents, is strikingly exemplified in islands situated 
in hot climates. ^* The land, during the daytime being under 
the rays of a tropical sun, becomes heated in a greater dqsree 
than the surrounding ocean, and consequently there rises mm 
the land a stream of warm air during the day, while the cooler 
air firom the surface of the water, moving forward to supply 
this partial vacancy, produces a cool breeze setting inland on 
all sides of the island. This constitutes the sea-breeze, which 
is so delightful to the inhabitants of those hot countries, and 
without which the inhabitants could hardly exist in some of 
the most luxuriant islands between the tropics. 

188. What ia wind ? As a natural phenomenon, bow is wind pro- 
duced, or, -what is the cause of wind ? How is this illutirated ? — 189, 
190. In die islands of hot climates, why does the wind blow Uklaxiddsast- 
in^ the day, and off the land during l^i« ni^X'^ ^\»X «i%*dsMA>sRwaK^ 
called? 

U 
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' 190. *^ During the night the motion of the air is reyersed, 
because the earui, being heated superficially^ soon cools when 
the sun is absent, while the water, being warmed several feet 
below its surface, retains its heat longer. Consequently, to- 
wards morning, the earth becomes colder than the water, 
and the air sinking down upon it, seeks an equilibrium by 
flowing outwards, like rays from a centre, and thus the land- 
breeze is produced. The wind then continues to blow from 
the land until the equilibrium is restored, or until the morn- 
ing sun makes the land of the same temperature as the water, 
when for a time there will be a dead calm. Then again the 
land becoming warmer than the water, the sea-breeze returns 
as before, and thus the inhabitants of those sultry climates 
are constantly refreshed during the summer season with al- 
ternate land and sea-breezes. 

191. *^ At the equator, which is a part of the earth con- 
tinually under the heat of a burning sun, the air is expanded, 
and ascends upwards, so as to produce currents from the 
north and south, which move fOTward to supply the place of 
the heated air as it rises. These two ciurents, coming from 
latitudes where the daily motion of the earth is less than at 
the equator, do not obtain its full rate of motion, and there- 
fore, when they approach the equator, do not move so fast 
eastward as that portion of the earth, by the difference be- 
tween the equator's velocity and that of the latitudes from 
which they come. This wind therefore falls behind the earth 
in her diurnal motion, and consequently has a relative motion 
towards the west. This constant breeze towards the west is 
called the trade'tvind, because a large portion of the com- 
merce of nations comes within its influence. While the air 
in the lower regions of the atmosphere is thus constantly 
flowing from the north and south towards the equator, and 
forming the trade- winds between the tropics, the heated air 
from these regions as perpetually rises, and forms a counter 
current through the higher regions towards the north and 
south from the tropics, thus restoring the equilibrium. These 
opposite motions are represented in the subjoined figure. Let 
ABC denote a portion of the earth's surface, A being in the 

• _ — 

191. What is said of the ascent of heated air at the equator? What 

Z9 the consequence on the air towards the north and south? How 

'An9 the trade winds formed? While the air in the lower re^ons flows 

^^Hnn tie north and south towards the equatoi, m niYaX d^^\QU do«a it 

oowin the higher re^on 
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direction of the north pole, c in that of the south pole, b re- 
presenting the equator. The currents of the air pass in the 
direction of the arrows. The wind, therefore, from A to b, 




would blow, on the surface of the earth, from north to south, 
while from e to a the upper current would pass from south 
to north, until it reached A, when it would change its direc- 
tion, and turn towards the south. The currents in the 
southern hemisphere, being regulated by similar laws, would 
assume similar directions. 

192. "This counter motion of the air in the upper and 
lower regions, is illustrated by a very simple experiment. 
Open a door a few inches, leading into a heated room, and 
hold a lighted candle at the top of the passage, the current 
of air, as indicated by the direction of the flame, will be out 
of the room. Then set the candle on the floor, and it will 
show that the current is there into the room. Thus, while 
the heated air rises and passes out of the room, that which 
is colder flows in, along the floor, to take its place. This 
explains the reason why our feet are apt to suffer with the 
cold, in a room moderately heated, while the other parts of 
the body are comfortable. It also explains why those who 
sit in the gallery of a church are sufficiently warm, while 
those who sit below may be shivering with cold. From such 
facts, showing the tendency of heated air to ascend, while 
that which is colder moves forward to supply its place, it is 
easy to account for the reason why the wind blows perpetu- 
ally flrom the north and south towards the tropics ; for the 
air being heated, as stated above, it ascends, and then flows 
north and south towards the poles, until, growing cold, it 
sinks down, and again flows towards the equator. 

] 92. How is this counter current in lower and upper regions illustrated 
by a dimple experiment ? 
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ACCELERATION (occelero, to has- 
ten). The augmentation or increase 
of motion in accelerated bodies. 

ACOUSTICS (akouo, Gr. to hear) 
The science which treats of the nature, 
phenomena, and laws of the sense of 
sound. It extends to the theory- of 
musical cono(»d and barmooy, and is, 
therefore, a valuable and interesting 
science. 

Allt A thiUf elastic fluid, surround- 
ing the globe of th^ earth. The ahr, 
together with the clouds and vapours 
that float in it, is called the atmosphere. 
The height to which the atmosphere 
extendsy has never been ascertained; 
but at a greater height than forty-five 
miles, it ceases to reflect the rays of 
light from the sun. 

AIB-PUMP. A machine mtade for 
exhausting tiie air fh)m glass vessels, 
for the purpose of experiment in pneu- 
matics. 

ANOLE. The inc1hiatk» of two 
lines meeting one another in a point, 
called the vertex. The lines are called 
the legs or sides of the angle. Angles, 
in geometry, are called rights aeute^ and 
obtuse. A right angle contains just 
90 degrees, or the quarter part of a 
circle. Acute angles contain less, and 
obtuse angles more, than 90 degrees. 

L Angle of incidence. The angle 
contained between the line described 
by the incident ray, and a line per- 
pendicular to the surface on which the 
ray strikes, raised from the point of in- 
cidence. 

2. Angle of reflection. The angle ccm- 
talaod between the line described by 
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the reflected ray, and a line perpen- 
dicular to the reflecting surface, at th« 
point tcom which the ray i» reflected. 

8. Angle of refraction. The angle 
contained between the line described 
by the refracted ray, and a Ihie perpen- 
dicular to the refracting sur&ce at the 
point in wkdch the ray passes throng 
that Bur£EUX2.. 

4. Angle of ii^sion. The angle con- 
tained between lines coming from op- 
posite parts of an object and meeting 
in the eye. 

AQUEOUS HUMOUR. The watery 
humour of the eye. It is the first and 
outermost, and that which is less dense 
than either the vitreous or crystalline. 
It is tranq;)arent and colourlesa like 
water, and fills up the space that lie» 
between the cornea and the crystalline 
humour. 

AREOMETER (aroKW^ thfai, metrm^ 
measure). An instmrneat by which 
the density and gravity of fluids are 
measiured 

ATMOSPHERE (fltmos^ vapour 
tphaircLt a sphere). The fluid which 
surrounds our earth. 

ATTRACTION. A general term, 
nsed to> denote the -pofn&e or principle 
by whi(A bodies mutuaHy tend towarda 
each other, without regarding the cause 
at action that may be the means uf 
producing the effect 

I. Attraction of colhesion. That kind 
of attraction which takes place between 
the constituent partides of the same 
body. By tUs principle bodies pre- 
serve thehr forms and are prevented 
from falling to pieces 
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2. Attraction of grav&aUon. That 
form of attraction by -wliich distant' 
bodies tend towards one another. 

AURORA BOREAUS or NORTH- 
ERN LIQHTS. A kind of meteor of a 
pale colour, sometimes seen In the 
northern parts <^ the heavms, supposed 
to be an electrical phenomenon. 

AXIS. An imagfaiary line which 
passes through the centre of a body, 
and on whidi it turns. 

A3^S OF MOTION. The line about 
which a revolving body moves. Philo* 
aopbically speaking, ^e axis of motion 
Is said to be at rest, wliilst the other 
parts <^ a body move round it; and the 
fiirther any part of a body is from the 
axis of motion, the greater is ^ts yelo> 

AXIS, nr optics. That ray, among 
all others sent to the eye, which &lls 
perpendicularly upon that organ, and 
which consequently passes through the 
centre of the eye. 

AXIS OF A<}LA6S or LENE A 
right line Joii^g the middle points of 
the two opposite sniftoes of the i^Uus. 



BALANCE. One of the rimple me- 
dianteal powers, by which the equality 
or difference of weight in heavy bodies 
is discovered. 

BALLOON. A machine used in na- 
vigation through the air. It takes its 
name Ikom the form of the machine, 
the word bcXhon signifying any spheri- 
cal hollow body, of whatever matter it 
be composed, or for whatever purposes 
it be designed. 

BAROlfETBR (paroi, weight, me- 
Irtm, a measure). An instnunent Ibr 
measoring the weight or pressure of 
tin atmosphere; and by that means 
measuring heights and d^ths, deter- 
mining variations in the state of the 
air, and foretelUng the changes in Uvb 
weather. 

BASE. The lowcit aiOe of th« ^ei^' 



meter of a geometrical figure. Thus, 
the base of a triangle may be siUd of 
any of its sides, but more proi)erly of 
the lowest, or that which is parallel to 
the horizon. In rectangled triangles, 
the base is propeiiy the side opposite 
to the right angle. 

BASS, IX MUSIC That part of a 
concert whidi consists of the gravest 
and deepest sounds, and which is played 
on the larger pipes or strings of the 
instrument 

BINOGLE, or BINOCULAR TE- 
LESCOPE ibini oculi, both eyes). A 
telescope by which the ol^ect can be 
viewed with both eyes at the same 
time. 

BODY. A term applied in physics, 
to an extended solid substance, of itself 
utterly passive and inactive. Indifferent 
either to motion or rest; but capable of 
any sort of motion, and of all figures 
and forms. Body, or substance, which 
is the same thing, is usually denoted by 
the general term matter. 

BREADTH. One of the three di- 
mfiosions of geometrical bodies, which, 
multiplied into their length, constitutes 
asnxCftce. 

BUBBLE. A small drop or vesicle 
of any fluid filled with air, and either 
formed on its surfiaoe, by an addiUou 
of more of the fluid, or In its substance, 
by an intestine motion of its compo- 
nent parts. 

BURNING-GLASS. A convex ur 
concave glass, commonly spherical, 
which, being exposed directly to the 
sun, collects all the rays iUling thereon 
into a very small space, called tlie 
focus, where any combustible substanco 
may be ignited. 



CAMERA 0B8CURA. Literally, a 
dark chamber. It is made by placing 
a convex glass hi a hole of a wlndow- 
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tinctly seen in an inverted i)osition, on 
any white snrfieuie placed at the focus' 
ot the lens. 

CAPILLARY TUBES. Minute hair- 
like tubes, used for experiments in 
illustrating capillary attraction. 

CENTRAL FORCEa The powers 
. whidi cause a moving body to tend 
towards, or recede from, the centre of 
motion. 

CENTRE OP GRAVITY. That 
point about which all the parts of a 
. body, in any situation, balance each 
other. 

CENTRE OF MOTION. Thatpofait 
which remahis at rest, while all the 
other parts of a body move about it 

CENTRIFUGAL FORCE (centrum, 
the centre, /asrio, to avoid). The force 
by whidi all bodies, that move round 
any other body in a curve, endeavour 
to fly off from tile axis oS their motion 
in a tangent 

CENTRIPETAL FORCE (centrum, 
the centre, peto, to seek). That force 
by which a body tends towards some 
point as a centre: such is gravity, or 
that force whereby bodies tend towards 
the centre of the earth ; and that force, 
whatever it be, whereby the planets 
■ are conUnuaUy drawn back from right- 
lined motions, and made to move in 
curves. 

CHROMATICS (chroma, colour). 
That branch of optics which explains 
the several properties of the colours of 
light and of natural bodies. 

CIRCLE. A plane figure compre- 
hended by a single curved line, called 
its circumference, to which rig^t lines 
or radii, drawn fit>m a point in the 
centre, are equal to each other. 

CIRCULAR VELOCITY. The velo- 
city of a revolving body, measured by 
an arc of a circle. 

CIRCUMFERENCE. The line or 

2/ae9 rrbk±i bound a plane figure. The 

rena /a, however, generally apphed in a 

matv limited aenae, to the curved line 

nrMaii boanda a circle, and ottaerwiM 



called a periphery; the boundary of 
a right-lined figure behig expressed by 
the term perimeter. 

CLOUDS. A ooUection of misty 
viq)ours suspended in the air. Their 
various colours and appearances are 
owing to tiieir particular situation in 
regard to the sun, to the different re- 
flection of the sun*s rays, and to the 
effects produced on them by wind. 

COHESION (coheereo, to stick to- 
gether). A form of attraction by 
which the particles of a body cohere. 

COLOUR. That property of bodies 
which affects the sight only; thus, the 
grass in the fields has a green colour, 
blood has a red colour, the sky gener- 
ally appears blue. 

COMPRESSION. The act of press ' 
ing or squeezing some matter, so as to 
bring its parts nearer to each other, 
and cause it to possess less space. 

CONCAVE. A term appUed to the 
inner surface of hollow bodies, more 
especially of spherical ones. 

CONCORD. The relation of two 
sounds which are always agreeable to 
the ear, whether applied in succession 
or consonance. 

CONDENSER. A pneumatic ma- 
chine, whereby a considerable quantity 
of air may be forced into a given 
spaoe. 

CONDUCTORS. A term applied to 
long metallic rods, whose points are rais- 
ed above buildings for the purpose of 
attracting or receiving the electric fluid, 
and of conducting it into the earth, or 
into water, thereby to prevent such 
buildingsfrom being struckby lightning. 

CONE. Asplid geometrical figure, 
having a circle tor its base, and its top 
terminated in a point or vertex. 

CONVERGING LINEa Lines whicli 
continually approach nearer one ano- 
ther; or whose distance becomes still 
less and less. 

CONVERGING RAYa Those rays 
which, Issuing from dVvet«ft -^Vx.\a qC 
an ol^ect, IncUnft taw«r4a cfoa aanAi^Mx^ 
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(ill, at last, they meet and oroBS, and 
then become diverg^g rays. 

CONVEX. An appellation glyen to 
the exterior swrfaoe of gibbons or globu- 
lar bodies, in opposition to the hollow 
inner sor&ce <^ snch bodies, which Is 
called ocmcaye. Thus we say a convex 
lens, a convex mirror, a convex super- 
fideSb 

GORNEA (eonm, a horn). The 
second coat (^ the eye, so callied from 
its substance, whidi resembles hom. 

CRYSTALLINE HUMOUR A thick 
compact humour, in form of a flatfish 
convex lens, situated in the middle of 
the eye, serving to make that refiraction 
of the rajrs of Ught, necessary to make 
them meet in the retina, and form an 
image thereon, whereby vision maybe 
performed. 

CYLINDER. A solid geometrical 
body, supposed to be generated by the 
rotation of a parallelogram. 



DENSITY. The degree of closeness 
and compactness of the particles of a 
body; the property opposed to rarity. 

DIAGONAL (diOy through, gorUa, an 
cngle). A right Une drawn across a 
quadrilateral fig^ure, from one angle to 
another; by some called the diameter 
<tf the figure. 

DIAMETER (dia, through, melroti^ a 
measure). A right line passing through 
the centre of a drcle, and terminated 
at each side by the circumference 
thereo£ 

DIMENSION. This term denotes 
either breadth, length, or thickness: 
hence a line has one dimension, viz. 
length; a superficies, two, viz. length 
and breadth; and a body, or taUd, has 
three, viz. length, breadth, and thick- 
ness. 

DIRECTION. The line or path of 
a body's motion, along which it en- 
Jeavomv to proceed, acoord^ng to Uie 
force Jmjxroaped upon it 



DISCORD. A dissonant add te- 
haimonious combination of sounds, so 
called in opposition to c^mcord. 

DIVERGENT RAY& Those rays, 
which, going fipom a point of the visible 
object, are dispersed, and continually 
depart one fiK>m another, in propcntion 
as they are removed firom the olirject; 
in which sense they are opposed to 
convergent rays. 

DIVISIBILITY. That property by 
which the particles of matter in all 
bodies are capable of a separation or 
disunion firom each other. 

DROPS. SmaU spherical bodies, 
into which the particles of fluids spon- 
taneously form themselves, when let 
£bU firom any height 

DUCT dduelus). A tube or canaL 

DUCTILITY. A property of certata 
bodies, whereby they are capable of 
being expanded, or stretched forth by 
means of a hammer or press. 

DYNAMICS (dunamis, Gr. power), 
lliis branch of mechanics relates to the 
action of forces that give motion to 
solid bodies; which forces are calcu- 
lated, both l^ thehr active powers, and 
by the proportion of time in which those 
powers become efficient 
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EARTHQUAKE. A sudden motion 
of the earth, occasioned, it is supposed, 
either by the discharge of some electri- 
cal power, or by large quantities of 
inflammable air, which, on being rare- 
fied by internal fires, forces its way 
through the parts that surround it 

ECCENTRIC (jBX, out, kentron, the 
centre). A term applied to chrcles and 
spheres which have not the same 
centre, and consequently are not par- 
allel; in opposition to concentric, where 
they are parallel, having one common 
centre. 

ECHO. A tQuivd t«<i^'dy«AM^ ^ 

t«&«CX»\ \0 ^'^ «tt ^NRSW VSV&& '•S^ 
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ELA8TI0ITY. Tkat dtepMitkm in 
bodies by whioh they endeayoor to te- 
fbore tbemsetves to tlie posture from 
whence tb^ were displaced by an ex- 
ternal toee. 

ELECTRIGITT idutron^ camber). 
An invisible, sabtile flnid, which ap-, 
pears to pervade all nature, and^ 
among other interesting phenomena, 
is the canse of thunder and lightning* 
Electricity is of two idnda—poiitive 
and negative. The positive is that 
state of a body which contains more 
ihtok its due prapoiitioa; and the ne- 
gative is that state of a body which 
oontiUns less than its due proportion. 

ELLIPSIS (e8e^,6r. to leave out). 
A carved line returning into itself; and 
produced from the section of a cone by 
a plane cutting both its sides, bat not 
parallel to the base. 

EXHALATION. A general term 
for all the effluvia or steams raised 
from the surface of the earth in form 
of vapour. Some distinguish exhala- 
tions from vapours, expressing by the 
former all steams emitted from solid 
bodies, and by the latter, the steams 
raised from water and other fluids. 

EXPANSION, llie enlargement or 
increase of bulk in bodies, chiefly by 
means of heat 

EXPLOSION. A sudden and vio- 
lent exiMuuion of an .aerial or other 
clastic fluid, by which it instantiy 
t)ux>ws nit any obstacle that hi^pens 
to be in the way, sometimes with in- 
credible force, and in such a manner as 
to produce the moetastonislilngefliacts. 

EXTENSION. One of the common 
and essential properties of body, or 
that by which it possesses or takes up 
flooM part of universal space, which Is 
called the place of a body. 



FIOUBE. Tim tarAce or tennina- 

*fiV tfareramftfef of any body; oon- 

^^'^^'^amMpnipertyofbodyamxtixug 



our senses, it is •defined a quality which 
may be perceived by two of tiie out- 
wasd senses. Thus atable is known to 
be square by the sightand hythe touch. 

FLUID. An appellation given to all 
bodies whose particles easily yield to the 
least partial pressure or force impressed. 

FOCUS. A. teem applied in geometry 
and conic sections, to certain points in 
the parabola, ellipsis, and hyperbola, 
wheve the rays reflected Ihim all parts 
of these curves omcur and meet. 

FOG& Clouds which float on the 
surface €i the earth, and clouds are 
fogs in the higlier regions of the at- 
nu>sphere; from many places tiiese 
may be seen floating in the valleys, 
and often in the valleys they may be 
iseen cre^ing along the sides of the 
mountains. 

FORCE. The canse of the change 
in the state of a body, when, being at 
rest, it begins to move, or has a motion 
which is either not uniform or not di- 
rect. Mechanical forces may be re- 
duced to two sorts, one of a body at 
rest, the other <^ a body in motion. 

FOBCINO-PUMP. A kind of pump, 
in which these is a forcer or piston 
without a valvOi 

FOUNTAIN. A spring or source of 
water rising ^mt of the earth. 

FRICTION. The rubbing of the 
parts of engines and machines against 
each other, by which means a great 
part of thdr effect is destroyed. 

FUlXiRUlL The prop or support 
by whidi a lever Is sustained. 



ORAYITT. A term used by fihysi- 
cal wiiteors to denote the cause by 
which an ^bodies move towards «adi 
other, unless pravented by fome otlier 
fixTM or obttade. 



HAILi A oompaKJt maaa <f frosen 
water, ooniMnc oK «w^ -^re^otm w 



HUB 



117 



INO 



are united into dtopB^ and are firozen 
"Willie tliey are fidllng. They assome 
yariooa flgnres, being sometiines round, 
at otiier times pyramidal, coneated, an- 
gular, tiiin and flat, and sometimes 
stellated with six radU like the smaU 
aystalsofsnow. 

HALO. A. meteor in the form of a 
luminoug Xing or circle, of various 
ooloon, appearing round the bodies of 
the ran, moon, mr stars. 

HABDNE8& The xesistaace op- 
posed by a body to the separation of 
itspartides. This property depends on 
tiie ioroe of coheshm; and a body is 
considered more hard in proportion as 
it presents a greater resistance to tlie 
ISaroe wtiLch may be applied in order to 
aeparate its parts.' 

HARMONY. The agreeable result, 
or onion, of several musical sounds, 
heard at one and the same time, or 
tiie mixture <tf divers sounds, which 
together have an effect agreeable to 
the ear. As a continued successi o n 
(tf musicai sounds produces melody, so 
does a continued combination at these 
produce harmony. 

HARMONY OF THE SPHEREa 
A sort oi music much talked of by 
many (tf the ancient philosophers, sop- 
posed to be produced by the sweetly- 
toned motions of the stars and planets. 
This harmony ttiey attributed to the 
vaiioos pnq[x»rtiunate impressions of 
tlie Iksaveuly globes upon one another, 
acting at proper intervals. 

HEIGHT. A perpendicular let ML 
ftom the vertex, or top, of any right- 
Ux)^ figure, upon the base or side sub- 
tendingit. It is likewise the perpen- 
dicular lieight of any ol^ect above the 
horixon. 

HURRIGANE& Vfelent storms, finy- 
quent in South America and the West 
Indies, and otlter hot countries, in 
which the wind changes in a riiort time 
to eveiy point of the compass, sad 
hfowv wftb m violfloce wbkh icazoeily 
*ny UUqg cau reaint. 



HYDRAULICS (Aydbr, water, atdoe^ 
a pipe). Ttie science whlc)i investi^ 
gates the velocity and impetus of fluids 
when in motion, and serves as the basis 
for computing the powers of various 
machinery acted uponbyrunning water. 

HYDROMETER (hydoTt water, me- 
trotif a measure). An instrument to 
measure the extent and specific gravis* 
of fluids. 

HYDROSTATIGAL BALANCE. A 
kind ot balance contrived for the easy 
and exact finding of the specific gravi- 
ties oi bodies both liquid and solid. 

HYDROSTATICAL PARADOX. A 
term denoting that any quantity' of 
fluid, however small, may be made to 
balance or counterpoise any quantity, 
however large. 

HYDROSTATICS Q^ydOTy water, 
stoMxM, standing). The science which 
treats of the nature, gravity, and pres- 
sure oi fluids in general, and ot the 
methods of weighing solids hi them. 



IMAGE. The i^ppearanoe of an ob- 
ject made either by reflection or re- 
flractlon. In all plane mirrors, the 
image is of the same magnitude as 
the otdect, and it appears as tu behind 
the mirror as the object is before it. 
In concave mirrors the image appears 
larger, and in those which are convex 
it appears less, than the ott^ect 

IMPENETRABILITY. That pro- 
perty <tf a body whereby it cannot be 
pierced by another; thus, a body wldch 
so fills a space as to exclude all others, 
is said to be impenetrable. 

INCIDENCE (ineido, to fail upon). 
The dhectkm in which one body strikes 
on another. 

INCLINATION. AwordfirequenUy 
used by mathematidans, to denote the 
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INCLINED PLANE. A line or 
I Uue whidi makes an angle with the 
horizon. It is frequently used to move 
weights from one level to another. 

INERTIA (piers, inactive). That 
property of matter by which it would 
always continue in the same state of 
rest, or of motion in which it was put, 
unless- changed by some extwnal force. 

INTEGRAL. An appellation given 
to parts of bodies which are of a simi- 
lar nature with the whole. Thus, 
4Ungs of iron have the same nature 
and properties as bars of iron. 

INTENSITr. The degree or rate of 
power or energy of any quality, as of 
beat and cold. 



LENS. A piece of glass or other 
tnmsparent substance, which either 
oollects the rays of light into a point, 
in4iidr passage through it, or disper- 
ses them further apart, according to 
the laws of refraction ; it is generally 
applied to an opticlglass. 

LEVEL. An instrument constructed 
for the purpose oS ascertaining the 
exact level d any fluid, building, or 
axfy other object Levels are d two 
kinds— the horizontal and the p^pen- 
dicnlar. 

LEVER. An inflexible right Hne, 
rod, or b^m, supported hi a single 
|K)int on a fblcrum or prop, and used 
tor the raising of weights; being either 
void of weight itself; or at least having 
such a weight as may bo commodi- 
t>usly counterbalanced. 

LIGHT. Theagent by which objects 
are made perceptible to our sense of 
seeing: or the sensation occasioned in 
the mind by the view of luminous ol>> 
Jects. 

LIGHTNING. An electrical explo- 
a/aa. 
•^-'^VE A geometrical quantity 

j^^f^^ ^ ^^^ <»^7» without any 



LIQUID. A fluid not sensibly elastic, 
the parts of which move on each othw, 
and yield to the smallest impression. 

LOOKING-GLASSE& Plahi mir- 
rors of glass, which, being impervious 
to the light, reflect the images of things 
placed before theuL 

M 

MAGIC LANTERN. An instru- 
ment used for magnifying paintings on 
glass, and throwing their images upon 
a white screen in a darkened room. 

MAGNETISM. The science which 
explains the properties of the load- 
stone, or natural magnet, which is a 
dark-coloured and hard mineral body, 
and is found to he an ore of iron, being 
generally found in iron minea 

MAGNITUDE. Whatever is made 
up of parts locally extended, or that 
has several dimensions; as, a line, a 
surface, or a solid. 

MANOMETER (manoi, Gr. rare, 
meltrony a measure). An instrument 
for showing or measuring the altera- 
tions hi the rarity or density of the 
air. 

MATHEMATICS imanOumo, to 
learn). Originally any discipline or 
lecurning ; but at present the term de- 
notes tlxat science which teaches or 
contemplates whatever is capable of 
being numbered or measured, in so far 
as it is compntable or measurable; and 
accordingly is subdivided into arith- 
metic, which has numbers for its ob- 
ject, and geometry, which treats of 
magnitudes. 

MATTER. The general name of 
every substance, which has length, 
breadth, and thickness. 

MECHANICS {mechan^ Gr. a ma- 
chine). The science which treats of 
the laws of the equilibrium and motion 
of solid bodies ; of the forces by which 
bodies, wliethet axvlxnal% or inanimate, 
may be made to txX u^n oxv^ «sMi^<tx \ 
and of the mcaxa Ys^ ^Vi!U^ lilkxcaA xna:) 
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bo increasedf so as to oyercome such 
«8 are most powerfuL 

MEDIUM. That space or region 
throng^ which a body in motion 
passes to any point ; thus ether is sup- 
posed to be tile mcdinm through wliich 
the heavenly bodies move ; air, the me- 
dium wherein bodies move, near the 
earth; water, the medium wherehi 
fishes live and move; and glass is also 
a medium of light, as it affords it a 
free passage. 

MELODY. The agreeable effect of 
cUffbrent sounds ranged and disposed 
in succession; so that melody is the 
effect of a single voice or instrument, 
by which it is distinguished fix>m har- 
mony. 

METEOR. A moveable igneous 
body, collected in the ahr by means 
not thoroughly understood^ and vary- 
ing greatly in size and rapidity <tf mo- 
tion. 

METEOROLOOT. The science of 
stnc^ring the phenomena of the atmo- 
sphere ; and that term by which are ex- 
pressed all the observations that tend 
to make them a system. 

MICROMETER {mikros, small, me- 
tron^ a measure). An instrument 
fitted to a ttiescope, for the purpose of 
measuring small angles, such as the 
diameters of the celestial bodies. 

MIGROSCOPR An instrument by 
means of which small ol^ects are made 
to appear larger than they do to the 
naked eye. 

MINUTE. The sixtieth part of a 
d^reeof adrde. Minutes are denoted 
by one acnto accent, thus Q ; the 
second, or sixtieth part of a mUiute, is 
by two such accents, thus, (") ; and the 
thbd by three ('"). 

MIRROR. Any polished body which 
Is impenious to the rays of light, and 
reflects them equally. 'Minors were 
anciently made of metal; but at pre- 
sent they are generally smooth plates 
of glass, tinned or quick-silvered on 
the hack part, and called kiokins- 
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glasses. The doctrine of mirrors de- 
pends wholly on that fundamental 
law; that the angle of reflection is al- 
ways equal to the ang^e of inddenee. 

MOBILITY. That property of mat- 
ter by which it is capable of being 
moved from one part of space to ano- 
ther. 

MOMENTUM. A term, signifying 
the same as impetus, or quantity of 
motion in a moving body; this is 
always equal to the quantity of mat- 
ter multiplied into the velocity; or, 
which is the same thing, it may^be 
considered as a 'rectangle under the 
quantity of matter and velocity. 

idONSOONS. Periodical wtaids, fre- 
quent in the Eastern and Southern 
ooeansi which for six months blow 
C(m8tantly the same way, tmd the con- 
trary way the other six months. Thfiao 
are otherwise called tradt^windt, 

MOTION. The continued and suc- 
cessive change <^ place. Nothing can 
be produced ot destroyed without mo- 
tioUf and every thing that hiq[)pen8 
depends on it 

MUSIC. Any succession of sounds, 
however mudi they may vary in regard 
to duration, or however much they may 
partake of various modes or keys, pro- 
vided tliat the succession be agreeablei 
and exdte, in a well-tuned ear, cer- 
tain agreeable sensations, is called 
music 

IT 

NATURAL PHILOSOPHY. That 
science, otherwise called physics, wbtdi 
considers the powers of nature, tfao 
prc^Hsrties of natural bodies, and tfaeir 
actitms upon one another. 



OBLATE. Flattened, or shortened, 
as an oblate spheroid, having its axis 
shorter than ito middle diiuneter, bein^r 
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neasof the earth refers to the dimlxnidan 
<tftbepdarazishi respect of the equa- 
torial 

OBTUSE. Blnnt, or dull, in oppo- 
sldon to sharp or acute. Thus we say 
an ani^e is obtuse, if it measures nune 
tlian ninety degrees. 

OPACITY. A quality of bodies 
wldch renders them impervious to the 
rays of light 

OSCILLATION. The vibration or 
reciprooal ascent and descent of a pen- 
dulum. 



PABABOLA (parabck, Gr. Juxta- 
position). A geometrical figure arising 
Ikom the section of a ocme, when cut 
by a plane parallel to one of its sides. 

PARADOX (pmxtt beside, doxa, 
opinion). A proposition seemingly 
obscure, as behig contrary to some re- 
ceived opinion, but yet true in fiact 

PARALLELb Those straight Unes, 
whose least distances Ikom each other 
are every where equal, are said to be 
parallel 

PARALLELOGRAM. A quadrila. 
teral right-lined figure, whose opposite 
rides are parallel and equal to each 
other. 

PARHEUON (para, beside, heHot, 
the sun). A mock sun, or meteor, in 
form of a very bright lig^t, appearing 
on one side of the sun. 

PENDULUM. Any heavy body 
so suqiended that it may vibrato or 
awing backwards and forwards, about 
aome fixed pdnt, l>y the force of 
gravity. The vibrations <tf the pendu- 
lum are called its oscillationa. 

PERCUSSION. The hnpression a 
body makes in falling or striking upon 
another, or the ahock. of two bodies in 
motion. 

PERIMETER (peri, around, meiron, 

M meoBore). The boandM or limits of 

««ir J^gTuv or body. The perimeter of 

*«'*«a» «r affuns «i« itneM, thoae of 



bodies are snr&oes. In drcular figures, 
instead of perimeter, we say circuiu- 
forenoe, or periphery. 

PERIPHERY (peri, around, j^iero, 
to carry). The drcumference of a 
drcle, ellipsis, or any other regular 
curvilinear figure. 

PERPENDICULAR Aline,fiaUnf? 
directly on another line, so as to make 
equal angles on each side; called also 
anxmnalline. 

PERSPECTIVK The art of repre- 
senting, upon a plane surface, the ap- 
pearance of ol^Jects, however diversi- 
fied, shnilar to what they assume upon 
a glass-pane, interposed between them 
and the eye at a given distance. 

PHYSICS (phvsis, 6r. nature). A 
term employed in natural philosophy 
for explaining the doctrines (tf natural 
bodies, their phenomena, causes, and 
effects, with their various affections, 
motions, and operations. 

PISTON. A short cylinder of metal, 
or other solid substance, fitted exactly 
to the cavity of the barrel or body of 
the pump. There are two kinds of 
pistons used in pumps, the one with a 
valve, and the other without a valve, 
called a forcer. 

PLANEl A plain surfooe, or one 
that lies evenly between its bounding 
lines— and as a right line is the short- 
est extension ttom one point to another, 
so a plain suritaoe is the riiortest exten- 
sion Ikom one line to another. 

PNEUMATICS (jmeutna, wind). 
Tliat branch oi natural philosophy 
which treats ci the weight, pressure, 
and elasticity oi the air, with the 
effects arising firom them. 

POINT. This term, hi geometry, as 
defined by Euclid, is a quantity wliich 
has no parts, or which is indiviaibleb 
Pdnts are the ends or exfivmitiea of 
lines. If a pdnt be supposed to be 
moved any way, it will, by its mo- 
tion, describe a line.— Point, in physics, 
is the least MauUAa q^«cX qC cl^t, 
markied wtth % yj^ ^Val ^ t^ <:arar 
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pass, or the like. Of sudh points all 
physical magnitude consists. 

POLARITY. The quality of a thing 
efmsidered as having poles; but cliiefly 
used in speaking of the magnet 

POWEK. This term, in mechanics, 
denotes any force, whether of a man, 
a horse, a spring, the wind, or water, 
which, being applied to a machine, 
tends to produce motion. 

PROJECrnON. The art of com- 
municating motion to a body, thence 
called projectile. 

PULLEY. One of the mechanical 
powers, called by seamen a tackle. 

PUMP. A machine formed on the 
model of a syringe, for raising water. 

PYROMETER (pur, fire, meiron, a 
measure). An instrument for measur- 
ing the expansion of bodies by heat - 



QUADRATURE. A geometrical 
term, denoting tiie squaring or redu- 
cing a figure to a square. That position 
of the moon, when she is 90 degrees 
fix>m the sun. 

QUADRILATERAL. A geometri- 
cal figure whose perimeter consists of 
four right Ibics making four angles, 
whence it is also called a quadrilateral 
figure. The quadrilateral figures are 
either a parallelogram, trapezium, rec- 
tangle, square, rhombus, or rhomboid. 



R 



RADIAKT POINTS. Those points 
flrom w4ience rays of light flow in all 
directions. 

RADIATION. The act of a body 
emitting or diffusing rays of light all 
around, as from acentre. 

RADIUS. Tlie semi-diameter of a 
drde, or a right line drawn from the 
centre to the dreumference. 



particles of rapour to rush together, 
and form drops of water too heavy to 
continue suspended in the atmosphere. 
They then fall in the shape of ndn, and 
increase in size as they fall by com- 
bining with the floating vapours as 
they pass through them. 

RAINBOW. A meteor in form of 
a party-coloured arch, or semicircle, 
exhibited only at the time when it 
rains. It is always seen in that point 
of the heavens which is opposite to the 
sun, and is occasioned by the refraction 
and reflection of his rays in the drops 
of fiEtUingrain. 

RAREFACTION. The making a 
body to expand, or occupy more room 
or space, without the accession of new 
matter. 

RAY. A beam of light, emitted 
from a radiant or luminous body. 

REACTION. The resistance made 
by all bodies to the action or impulse of 
others which endeavour to change its 
state, whether of motion or rest 

RECEIVER. A glass vessel em- 
ployed in pneumatical experunents for 
centaining the object on which an ex- 
periment in the air-pump is to be 
made. 

RECTANGLE. A geometrical term 
denoting a right-angled parallelo- 
gram. 

REFRACTION (r^anffo, to break 
back). The devi£.tion of a moving 
body from its direct course, occasioned 
by the diflTerent density- of the medium 
in which it moves; or it is a change of 
dhection, occasioned by a body's fiJI- 
ing obliquely out of one medium into 
another of a diflTerent density. Reflrao- 
tion causes the heavenly bodies to ap- 
peai[ more elevated above the horizon 
than th^ really are. 

REPULSION. That property in 
bodies, whereby, if they are placed Just 
beyond the sphere of eacK other's at- 



RAIN. Whatever suddenly disturbs I traction of cohesion, they mutsoaU:^ ^ts 
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power which acts in an oppocAte direc- 
tion to another, so as to destroy or 
diminish its effects. 

RETINA. The expansion of the 
optic nerve on the internal snrface of 
the eye, whereupon the images of 
objects being painted, are impressed, 
and by Uiat means conveyed to the 
common sensory in the brain, where the 
mindviewsand contemplates theirideas. 

ROTATION (roto, a wheel). A term 
chiefly applied to the drcomyolution 
of any sorface roand a fixed and im- 
moveable line, which is called the axis 
of its rotation, and by such rotations 
it is that solids are conceived to be 
generated. 
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SEGMENT OF A CIRCLK That 
part of the drde contained between a 
chord and an arc of the same circle. 

SEMICIROLE. Half a drcle, or 
that figure comprehended between the 
diameter of a circle and half the dr- 
cumt&reace, 

SEMIDIAMETER. Half the dia- 
meter, or a right line drawn from the 
centre of a circle, or sphere, to its cir- 
cumference ; otherwise called the radius. 

SEXTANT. The sixth part of a 
circle, or an arc comprehending sixty 
degrees. The word sextant is more 
particularly applied to an astronomical 
instrument made like a quadrant, ex- 
cepting that its limb comprehends only 
sixty degrees. The use and application 
of the sextant is the same with that of 
the quadrant 

SIPHON. A bended pipe, one end 

of which being put into a vessel of 

liquor, and the other han^g out of 

the said vessel over another, the liquor 

will run out firom the first into the 

last, after the air has been sucked out 

of the external or lower end of the 

aipboHf and that aa long as the liquor 

-w t/ie upper vessel is above the upper 

oriffoe of the siphon. 



SNOW. A well known substance, 
formed by the fireezing of the vapours 
in the atmosphere. It difiers firom hail 
and hoar-flx)st, in being, as it were, crys- 
tallized, which they are not 

SOLID. A term applied to a body 
whose parts are so firmly connected 
together, as not to give way, or slip 
fipom each other, upon the smallest im- 
pression; in which sense solid is op- 
posed to fluid. 

SOUND. The sense of hearing is 
effected by the pulsations or vibrations 
of the air, wliich are caused by its own 
ejq)ansion, or by the vibrations of 
sounding bodies. These sensations, or 
vibrations in the air, are called sounds, 
as are also the sensations which they 
produce. 

SPECIFIC. That which is peculiar 
to any thing, and distinguishes it fi-om 
all others. 

SPECTRUM. A term appUed in 
optics. When a ray of light is admit- 
ted through a small hole, and received 
on a white surface, it forms a lumi- 
nous spot If a dense, transparent body 
be interposed, the light will be refi'acted, 
in proportion to the densily of the 
medium; but if a triang^ar glass 
prism be interposed, tlie light is net 
merely refi-acted, but it is divided into 
seven different rays. This image is 
called the spectrum, and, fi-om its being 
produced by the prism, it is termed 
the prismatic spectrum. 

SPHERE. A solid contained under 
one imiform round surface, such as 
would be formed by the revolution of a 
circle ab«ut the diameter thereof as an 
axis. 

SPRAY. The sprinkling or foam of 
the sea, which is driven fix>m the top 
of a wave in stormy weather. 

SQUARE. A quadrilateral figure, 
both equilateral and equiangular. 

SUCTION, llie act of suckhig or 
drawing up & fLiUd, as ahr, water, milk, 
or the like, by meaoa oS ^•b tQ»Qii2a.«sA 
lungs. 
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SUPEKFICIES, or SURFACK A 
magnitude considered as having two 
dimensions; or extended in lengtti and 
breadth, but without thickness or depth. 

SYRINGE. An instrument serving 
to imbibe or suck in a quantity of any 
fluid, and to squirt or expel the same 
with violence. 



TANGENT. A straight line touch- 
ing the circumference of a circle in one 
pohit; or a right line, which touches 
any arc of a curve, in such a manner 
as to make a right angle with the dia- 
meter of the circle of which that arc 
is apart 

TANTALUS'S CUP. A philosophi- 
cal toy for exhibitmg the principle of 
the siphon. 

TELESCOPE itek, afai off, skopeo, 
to look). An optical instrument, used 
for discovering and viewing distant 
objects, either directly by glasses, or by 
reflection. 

THERMOMETER '(tt«rm«, heat, 
metrorij a measure). An instrument 
showing the degrees of heat and cold. 
It is used coAJointly with the barometer, 
for correcting the variation in the refrac- 
tion, from the change of temperature 
and specific gravity of the atmosphere. 

THUNDER. The noise occasioned 
by the explosion of a flash of lightning 
passing through the air: or it is that 
noise wliich is excited by a sudden 
explosion of electrical clouds, which 
are therefore called thunder-clouds. 

TRADE-WINDS. Certain regular 
winds at sea, blowing either constantly 
the same way, or else alternately, a 
certain length of time in one direction, 
and then as long in an opposite one. 
They are called trade-winds from their 
use in navigation, and are very com- 
mon in the Indian seas. 

TRANSMISSION. The act of a 
transparent body passing the rays ot 
Ug^t throagh lt» substance, or suSct 
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ing them to pass; in which sense the 
word is opposed to reflection. 

TRANSPARENCY. A quality of 
certain bodies, whereby they give pas- 
sage to the rays of light, in contradistinor 
tion to opacity, or that quality of bodies 
wliich renders them impervious to the 
rays of light. 

TRIANGLE. A geometrical figure 
of three sides and three angles. 
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UNDULATION (unduJa, a little 
wave). A kind of tremulous motion 
or vibration observable in a fluid, 
whereby it alternately rises and fkils 
like the waves of the sea. 

UNISON. The effect of two sounds 
which are equal in degree of tune, or 
in point of gravity and acuteness. 



VACUUM. A space empty or de- 
void of all matter or body. 

VALVE. A kmd of lid or cover of 
a tube or vessel, so contrived as to 
open one way, but which the more 
forcibly it is pressed the other way, the 
closer it shuts the aperture, so that it 
cither admits the entrance of a fluid 
into the tube or vessel and prevents 
its return, or admits its escape and 
prevents its re-entrance. 

VAPOUR. A thin, humid matter, 
which being rarefied to a certain de- 
gree by the action of heat, ascends to a 
particular height in the atmosphere, 
where it is suspended, until it returns 
in the form of dew, rain, snow, or hail. 

VELOCITY. Swiftness, or that 
affection of motion, whereby a moving 
body is disposed to run over a certain 
space in a certain time. 

VIBRATION. A regular reciprocal 
motion of a body, as for example, of a 
pendulum which, being freely suspend- 
ed, swings or vibrates ftt)m side to side. 
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^er«fay the eye li aflTeoted, so m to 
produce » sensatioD. 

VISION. The act of aedng or of 
perceivtaig external ol^ects by the wgan 
of sight 

VOLCANOES. Moontahifl which 
emit ignited matter and smoke throagh 
{^rtm«8, communicating with cavities 
in the depths of the eartli. 

W 

WATER A transparent fluid, with- 
ontcoloor, smell, or taste ; in a very small 
degree compressible; and, when pure, 
not liable to spontaneous ciumge. 

W^TjaUSPOUT. An extraordhiary 
meteor, in wtiich a column of water 
Is seen hanging from the clouds, and 
desoenittiig until it meets with a column 
rising from the ocean. They unite and 
often move with rapidity, until they 
meet with some opposing wind, or other 
cause, which destroys tliem. 

WAVE. A volume of water ele- 
vated by the action of the wind, upon 
its surface, into a state of fluctuation, 
and acc(Hnpanied by a cavity. 

WEDQE. One of the mechanical 



powers, as ihey are called. Thdiredg0 
is a triangular prism, whofM baaes are 
equilateral acute-angled triangles. 

YTEIGUT. A quality in nattoral 
bodies, by which they tend towards 
the centre of the earth.' 

WHEEIa One of the six powers of 
mechanism; whidi, without doubt, 
contributes more than any of the other 
five to the general convenience of man- 
kind, by the wonderAil variety of pur- 
poses, from a mill to a watch, wherdn 
it is employed. 

WHIRLWINDS. Thete are formed 
by opposite winds meeting and jnovtog 
swiftly in a drde, raising sand juad 
light bodies into the air. luthedeaerta 
of Africa they sometimes draw np the 
sand into a moving {dllar, which buries 
all in its way. When they appear on 
the ocean, they draw up the water, and 
produce iBater-spwas. 

WIND. When the afar over any 
place is more heated than that aronnd, 
it is rarefied or expanded, and rises. 
The surrounding afar rushes in to sup- 
ply its place, and this produces a car« 
rent called wind. 
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Plants. >v ith an Outline of the Linnsean and Natural Systems, Recapituls 
Questions on each Chapter, and a complete Glossary. By PROFESSOR MACC 
LIVRAY, LL.D. \\ ood-cuts, 214 engraved Figures, foolscap 8vo, price 4s. 6(] 
^* We conscientiously recommend the present volume as the most accurate anr 
most useful introduction to the Study of Botany yet ^uhliahed.^^ •^Edinfturgh Ad 

6. WHAWUIklB OF BBZTZBB BZRBBi 

Being a short description of the Birds of Great Britain and Ireland, including 
essential Characters of the Species, Genera, Families, and Orders. With an Ii 
daction explanatory of the Structure and Form of Birds, and other particulan 
quisite to compare the objects with their descriptive characters. By PROFESS 
AlACGILLIVRAY, LL.D. Second Edition, with Indexes of the Latin, and E!&! 
names of the Orders, Families, Genera, Mi^^^%cA«&. Oiwa iWutAR. w^>w«fc^Vss*5«R» 
with 31 Wood-cats, price 78. Also, told separotelii. 

Pmrt I, containing the Laud BiHVft, ioo\w«D \ivo^^TVRfe S"^^ cjx 
Put II. containing the Watkk Bvai», iwAwsa.^ ^'*'^!^ ^^xwvs^ 
Inihtt work the essential cbaractoTS olt\ie 0^«*^^*'^r'^\«ri*.v.S!« 
^ given sufficienUyin deUil to enable t\M itaideTi\.\»T%\^^ *^2wa B«i>«" 



WORKS FUBLISHRD BT ADAM SCOTT, LOinX>ir. 

BOOTT'B BIVOKZBB 0KABSZ08. 

MILTON'S COMPLETE POETICAL WORKS, with Critical and 
Explanatory Notes, and a Life of the Author, by the Rev. Thomas Thomson. 
New Edition, large type, with Portrait after Cipriani and Yignette, price 4fi. in 
cloth, and 7s. in morocco extra. 

*«* The Latin and Italian Poems are included in this Edition. 

MILTON'S PARADISE LOST, with Critical and Explanatory Notes 
New Edition, lar^e type^ price 2s. 6d. bound for school use. 

COWPER'S COMPLETE POETICAL WORKS ; including the 

Hymns and Translations from Madame Guion, Milton, &c. ; and Adam, a sacred 
Drama, from the Italian of Gio. Battista Andreini. With a Memoir of the 
Author, by the Rev. Henrt Stebbino, A. M. In one thick volume, (826 pages), 
with Frontispiece and Vignette, price 5s. in cloth, and Ss. in morocco extra. 

*«* This is the only complete Edition printed in one pocket volume. 

COWPER'S POEMS. With a Memoir by the Rev. H. Stebbing, 

A.M. Price 2s. 6d. in cloth. 

UOWPER'S POEMS. Part II. Containin<T Hymns ; Translations 
from Madame Ghiion ; Translations from Milton ; Minor Poems ; and Adam, a 
Sacred Drama, from the Italian of Andreini. Price 2s. 6d. in cloth. 

BURNS' COMPLETE POETICAL WORKS. With Explanatory 
and Glossarial Notes ; and the Life of the Author, by James Curbib, M.D. 
Price 5s. in cloth, and 8s. in morocco extra. 

This edition contains the whole of the poetry comprised in the edition edited by 
Cunningham, as well as some additional pieces ; and such notes have been added as 
ire calculated to illustrate the manners and customs of Scotland^ so as to render the 
nrhole more intelligible to the Elnglish reader. 

PHOMSON'S SEASONS, and CASTLE of INDOLENCE. With 

a Life of the Author. Price 2s. in cloth. 



Third Edition^ in one tMck volume, small 8ro, with Portrait ofCodringUm^ and 

Vignette^ price 5s. in cloth, 

BRITISH NAVAL BIOGRAPHY : comprising the Lives of the 
most distinguished Admirals from Howard to Codrington ; with an Outline of 
the Naval History of England, from the earliest Period to the present Time. 

'* A very useful manual of naval biography, and so compact and moderate in price, 
hat we could scarcely select a book better adapted for the sailor*s library.'*^iVava/ 
ind Military Gazette, 

Second Edition, uniform with the above, with Portrait of Wellington, and 

Vignette, price 5s. in cloth, 

BRITISH MILITARY BIOGRAPHY: comprising the Lives of the 
jBosi distinguished Commanders from Alfred to Wellington : connected by 
la OatJine of the Military Historj of England, item tii© e»x\i«st Period to the 
'osent Time, 

^Jh^ ^^®PteWo companion to the volume of Britidi "SaviSLBvjTO^l. TVm 
^itl *? 'o^ptu^ially written, and the origin aaA ptogtwa ol l\i© dSSwwaX ^«« 
^^^i^^ ^^^ '«' " t^th, » militory Ubrarf Vi\Xmx ^ ww^ t«.m^^ 



BOOKS PUBLISHED BT ADAH SCOTT, LONDON. 



[B&ZVO'B AMMAXamMMNT OF BBZTZ8B P&AH1 

Aeoording to the Linnsean System. Corrected and condensed ; preceded by Insi 
tions adapted for Persons commencing the Study of Botany ; and an Apjpendix 
taining me Arrangement of the Genera according to tM Natural Method, 
PROFESSOR MACGILLIVRAY, LL.D., Marischal CoUege, Aberdeen. 
Sixth Edition^ with 155 Figures, price lOs. 6d. 

This work comprises a description of the Flowering Plants and the Ferns of G 
Britain and Ireland, so full as to enable the young botanist to determine every 
ties that may come in his way, without the assistance of others. 

TBB B&BMEB'TS OF PBT8ZC8, 

By THOMAS WEBSTER, M. A., of Trinity College, Cambridge, and SecK 
to the Institution of Civil EIngineers. In l2mo, with numerous Figures, 9s. 

This work is intended to prepare the student for the study of Natural Philos4 
as a science. It is written in language clear and concise, though in a great mea 
divested of mathematical technicalities, and ** on a plan calculated to lead the stu 
regularly through the various subjects, and to engender the habit of systemati 
and of arranging his knowledge.** 

*'' It merits considerable praise for simplicity of style and felicity of illustrati 
'-'AtheneBum, 

TTT&BB'S B&BMBirTS OF OBirBBAXi BZSTOBT, 

ANCIENT AND MODERN; 

With a Table of Chronology. A New Edition, with considerable Additions tc 
Author's Text, numerous Notes, and a CONTINUATION from the Revolutio 
1688 to the present Time. Edited by the REV. BRANDON TURNER, li 
In one thick volume (672 pages), 12mo, price 78. bound. 

*«* Besides the Continuation, which extends to 130 nages, and the Additioi 
the Author's Text (inserted within brackets), where further illustration seemed 
cessary, thirteen new Sections have been added, which include an outline of Je** 
History, and other subjects hitherto wholly omitted. The Dates of important ev 
have been also almost uniformly inserted in the Text, an advantage which wil 
fully appreciated by the student of history. All these Additions, together with 
Notes, are about equal in extent to the original work. 

" An admirable production as a historical class-book.**—^ Has, 

'* The edition before us is superior to its predecessors, since it is not only more 
curate, but it contains nearly double the maX\Aiy—^Athen<Bum, 

*' We prefer the additions to the original. Mr Turner has bestowed more thoi 
and care on his work than professional avocations allowed Tytler to afford. — We 
bound to state that we could not easily point out a work containing so much hisi 
cal information in the same space.** — League. 



In which the Principles of that Science are fully explained, and adapted to the c 

{trehension of Young Persons ; containing a complete Series of Exercises for Pars 
or Oral Correction, and for Writing; with Questions at the bottom of the page 
the Examination of Pupils. Edited by the REV. BRANDON TURNER, M 
Foolscap 8vo, 248 pages, price only 2s. 6d. bound. 

'* As grammar is a practical art, it is the plan of this work to bring every doc^ 

which has been learned into immed\«,te «si^ cxsuiXax^. v^ps^x^v^cvRi^' 'vsa.^-v 

whieb ia bo esMntially necesBury in gtMMaaXvctXVMteNW^^^ 

«ft«r tbe fint ietson of EtymoloCT. T\i% V«^vv\ ^* ^«>^ ^^"^^^w^ 

ihrot^ Mil the primary definitioiui and r^«* ol «w««J^« '> ^\^;^««w2^ 

importMnce of such a method of mrtTOc!t\ou ViSV vm^'X^^^'^ ^^^ 

tmdiw at ymithy ^Preface, . ^ ^^.gte-i 

T'i^ aiow ITorAi mail be oUaiiwd cm Ordet of o.'^TI 



SCOTT'S FIRST BOOKS IN SCIENCE^ 

WITH QUESTIONS ON EACH PAGE FOB THE EXAMINATION OF PUPIUa. 
Foolscap 8vo, (128 pages,) Price One SkUlinff each. 



FIRST BOOK OF ASTRONOMY: 

WITH QUESTIONS ON EACH PAGE, AND A DICTIONARY OF TERMS. 
By J. L. COMSTOCK, M.D., and R. D. HOBLYN, A.M^ Oxon. 

ns8T BOOK or vaturaJm »Bz&080»&nri 

Including. 1. Properties of Bodies. — 2. Mechanics. — 3. Hydrostatics.— 4. Hydraulics.' 

5. Pneumatics and Steam Engine.— 6. Acoustics and Music. 

I 

WITH QUESTIONS ON EACH PAGE, AND A DICTIONARY OF TERMS. 

; By J. L. COMSTOCK, M.D., and R. D. HOBLYN, A.M., Oxon. 

The above will be followed by First Books of Botany, Geology, Cuemistr 
' Steam Engine, &c. 



; It is now admitted that works intended for First Books in Science, and Clas 
I Books in Schools, ought not to be written in a style professedly adapted to the cap 
cities of children ; but that intelligence in the reader should be assumed, and that 
the principles of science be so explained as to be understood by those who have a 
quired no previous knowledge on the subject, young persons of ordinary capacity w 
be capable of comprehending them. Therefore, when the importance of any bran< 
of education is admitted, there are but two requisites to its attainment, viz., cleamc 
on the part of the writer, and an ordinary and sustained effort of thought on the pa 
of the reader. Each party is entitled to make the respective demand, and if tl 
demand be mutually satisfied, the success of the experiment may be fairly relied a 

The above First Books of Astronomy and of Natural Philosophy are believed 

be not unfavourable specimens of Treatises of the character referred to. Th 

I are therefore presented by the Publisher as the first of a series of elementa 

Text Books, intended to be published by him, on those branches of science which 

is presumed might be advantageously introduced in schools, as preparatory to a mo 

finished education, and for students intended for the learned professions. The 

First Books will also be adapted for those desirous of attaining the elements 

science in s systematic manner, without the assistance of teachers, at as little e: 

pense of time and money as the subjects will admit. For these purposes, they wi 

9 written in easily intelligible language, yet so as not to «acn&c» \xxx>^\a QToamas 

'' ^ 'obstitute Mntimentalinu for tcience ; t^ie objec* V«wEfc mviwXwssx^NA wa 

»oc& knowledge of the sevenj subjecta as ^wiH ««»<» lot e\«mssaV»r5 vwitt^t 

^A/e thoae dmAiotiB of extendins their iii£oTiM*\oii to v«w» V^«al«Jw 



